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FOREWORD
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inhouse and under this contract will be used for processing ERTS and Skylab
(EREP) data acquired over the state of Alabama via a cooperative effort
involving the University of Alabama, the Geological Survey of Alabama,
Auburn University, and Marshall Space Flight Center.

The author wishes to express his appreciation to Mr. Jayroe for providing
the Mathematical rationale used in the classification program and for his
support in completing this work.
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" EARTH RESOURCES DATA PROCESSOR

M. R. Phillips
IIT Research Institute

SUMMARY

During the past several months and since the inception of
the Flight Data Statistics Office, a growing trend to analyze
and process Earth Resources Flight Data has prevailed. In view
of the growing interest at Marshall Space Flight Center to or-
ganize and establish capabilities to perform research studies
in this area, endeavors in the areas of interpretation, analysis
and development of algorithms have provided the necessary compu-
tational programming tools for data processing and data handling
and analysis. Algorithms that have been developed thus far, are
adequate and have been proven successful for several preliminary
and fundamental applications such as software interfacing capa-
bilities, probability distributions, grey level print plotting,
contour plotting, isometric data displays, joint probability
distributions, boundary mapping, channel registration and ground
scene classification. This report is written in two sections.
Section I consists of the algorithms that have been developed
individually under the existing contract and section II is a
description of an Earth Resources Flight Data Processor, (ERFDP),
which handles and processes earth resources data under a users
control.

SECTION I INTRODUCTION

In this section a description of each algorithm developed
under the existing contract will be presented. The algorithms
were developed as building blocks toward an automatic data pro-

cessor for processing earth resources flight data. Each algorithm

has been demonstrated to be compatible in an overall automatic
Processing environment. These algorithms were developed using
an IBM 7094 computer with 32K available core storage.



1. PROBABILITY DISTRIBUTION

A probability density function was programmed, and the earth
resources data processor which is available upon request as an
option selection is included. This option gives a probability
density function for any number of channels, not to exceed 12,
of the multispectral data. This option is used when calculating
the slicing intervals of the probability distribution to provide
grey level mapping of any ground scene image. An estimate of
the probability density function is obtained digitally by divid-
ing the range of the data into a desired number of class inter-
vals di‘ The probability of occurrence of a value X in the
class interval is then given by

Pi(X) = Ni(X)/N,

where Ni(X) is the number of values that occur within the range
of di<X<_ di+1 and
k-1
N = Ni
i=0

is the total size of the population where K = number of class
intervals.

A, Computer Program

The computer program calculates the probability density of
any channel of a multispectral scanner consisting of 12 channels
of data. The distribution table is then printed out for all
channels requested, over all the data samples (see table I).

The program also passes to the grey level module the probability
distribution of each channel for grey level mapping.
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B. Data Problem Parameters

NCH Number of channels or spectral bands on input tape

NSPS Number of samples per record or resolution ele-
ments across one scan

NSCANS Number of scans to process

NSTART Starting resolution element

NSTOP Stopping resolution element

NBTLG Bit length of input data word

MODE Signifying FORTRAN or non-FORTRAN input tape

ITYPE Type of input data; Floating point or fixed point

MSFC MSFC scanner format option

LTN Logical unit to load input tape

NSKIP Number of initial data records to skip before
processing

NCRE Data incrementation

XMAX Maximum value in data set

XMIN Minimum value in data set

NOCHS Number of channels to calculate probability density
function

NWHICH Channel selection for probability distribution
calculation

2. GREY LEVEL MAPPING

In order to preview earth resources data and obtain quick-
look information, a grey level mapping program was written to
include in the ERFDP. This gives a pictorial display of the
ground scene image quantized to 10 different levels. Characters
are selected to represent varying shades of grey. The levels
are calculated by slicing the probability distribution table of
selected channels into 10 separate cells (see Figure 1). The
number of occurrences in each cell is equally distributed over
the probability distribution. This is done by calculating
equal areas for each cell using the trapezoidal rule method.
Each of the 10 areas would represent one cell of the probability
distribution. Each resolution element is compared with all the
cells, and the cell in which it falls jig assigned the respective
alphanumeric character.
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A. Computer Program

The computer program was written as a module to be included
in the ERFDP. The logic provides communication with the prob-
ability distribution program, since information calculated in
that module is used in grey level mapping. The data are input
to the program module and each resolution element input to the
module is compared with each cell unitl it falls within the
quantized level of that cell. Each resolution element, X5, is
examined such that

SLICE (j-1) ¢ x; { SLICE (j)
where j = 1,2,3 ..., 11.

After the data point, Xs has been quantized by this method,
it is replaced by its representative alphanumeric character and
plotted or printed. The plotting is output to the Stromberg-
Carlson 4020 recorder for display.

If automatic quantization is not desired, the program pro-
vides an option where the user can input quantized levels as a
table if other methods are desired (reference ERFDP users manual
section II of this report).

b

B. Data Problem Parameters

NCH Number of channels on input tape

NSPS Number of samples per record or scan

NSCANS Number of scans to process

NSKIP Number of scans to skip before processing

NSTART Starting sample number in the scan

NSTOP Stopping sample number in the scan

ITERM Number of passes to make processing 120 samples
each pass

N Number of quantized levels plus one

ICHAN Selected channel used in grey level mapping

IPRT Option to print grey level




IPLT Option to plot grey level

INCX Increment in x direction for each sample
(rasters)

INCY Increment in y direction for each sample
(rasters)

NSTX Starting x coordinates or plot frame

NSTY Starting y coordinates on plot frame

NBTLG Bit length of input data words

MODE Signifies FORTRAN or non-FORTRAN

ITYPE Type of input data; Floating point or fixed
point

MSFC MSFC scanner format option

NCRE Data increment

LTN Logical tape unit to load input data

I0PT Option to select automatic quantization

or input quantized table
3. CONTOUR PLOTTING

In the analysis and interpretation of earth resources data,
a useful tool is means of locating and outlining borders of
ground scene images and also plot the snow pack temperature pro-
files recorded by an electronic scanner. A computer program was
written to generate line plots, which is a line connecting points
of boundaries, specified altitudes, temperatures, etc., provid-

ing a graphical display of contour levels or borders of ground
scene images.

The data array to be plotted consists of the input data
array only. These data points are ordered in an x y coordinate
System. Four adjacent data points and their coordinates are
examined to determine if a specified value intersects any of
these four points. 1If an intersection occurs, these coordinates
are converted to plotting raster counts, and two points are
flagged. One point being coordinates of the entry point to the
four adjacent data points and the other being the coordinates
of the exit point of the four adjacent data points. If the inter-
section of a specified level continues to the next four successive



adjacent data points, then the coordinates of the exit point
become the coordinates of the entry point of the next four adja-
cent data points. A search continues for the coordinates of

the exit point and this procedure continues until the data set
is exhausted. Lines are drawn connecting the points, reflecting
continuity of the specified level. If the entry and exit point
of successive four adjacent data points exist, then a line con-
necting these points is continuous. Otherwise, there exists a
discontinuity and the points will not be connected. Continuous
lines of multiple levels can be drawn reflecting contours of
altitude, temperatures, and homogeneous area boundaries.

A. Computer Program

The computer program was written as a module to be included
in the ERFDP and was designed to contour data sets of infinite
lengths. However, only 2500 data points reside in the computer
at one time because of the physical storage limits. Since only
one block of data is processed at one time, the program auto-
matically reloads blocks of data and abuts each block to provide
a continuous plot of contours.

In Figure 2 contours of boundaries were plotted of the first
120 scans of field Cl from the Purdue data set. The data were
blocked such that contours of 1776 resolution elements were plotted
which covered eight scans. Each resolution element covered eight
rasters on the plot frame, therefore each block abutted together
occupies 64 rasters. After the abutment process, the boundary
contours appear continuous. The boundaries that were contoured
are shown in Figure 3. The boundary contours are elongated slightly
due to scaling on the plot frame.
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NCH
NSPS
IRW
NCHAN
NSNCRE
NPCRE
NPTSL
NPTSU
NOTLG
ITYPE

MSFC
NSKIP
MAXSCN
NSECT
MSZX
MSZY
BILK
FHINC
ZMIN
ZMAX

B. Data Problem Parameters

Number of channels on input tape
Number of samples in a scan

Logical tape units to load input data
Channel number

Number of scans to increment

Number of samples to increment

Lower starting point

Upper stopping point

Bit length of input data word

Type data on input tape; Floating point
or fixed point

MSFC scanner format option
Number of records to skip

Total number of scans to process
Number of sections to process
Data block size in x (samples)
Data block size in y (scans)
Plot frame block size in rasters
Contour level increment

Minimum contour level

Maximum contour level

Label interval

4. ISOMETRIC DISPLAYS

On occasion it has become necessary to preview the raw data
and to determine the physical appearance to better understand
the behavior of data collected from various ground scenes and
from different types of sensors. For this purpose an isometric
program was written to produce a two-dimensional projection of
a three-dimensional graph of the raw data amplitude versus the
x and y ground scene coordinates.

11



A. Computer Program

Program Isometric will handle any FORTRAN IV formatted
tape with up to 12 channels of data. Only one channel is plotted

per computer pass and the channel selection is based upon an in-
put parameter.

The program was developed to produce two-dimensional data
projections of ground cover scenes where data are gathered by
sensors aboard an aircraft. The data collected across the flight
line represent resolution elements, and the data collected along
the flight line represent scans. Any NXM array can be displayed
where N is the position in an array and M is the value to be dis-
played. The program does not require large amounts of core
storage since it performs a continuous operation on the NXM array
which is refilled before each operation.

The Stromberg-Carlson 4020 frame reference coordinates are
altered after each operation for proper scaling based on the input
parameters provided by the user. These parameters also control
the density of the points plotted and the angle of rotation de-
sired for display. Multiple plot frames are generated as neces-
sary to display all the input data. To provide frame abutment
for a continuous plot, the last row of each frame and the last
sample of each row is stored and repeated on the next frame.

B. Data Problem Parameters

NCH Total number of channels per resolution
element on input tape

NSPS Total number of resolution elements per
channel across the ground scene

IRW Logical tape number for input data

NCHAN Number of the channel that isometrics are

to be displayed

NSNCRE Number of scans to increment along the
flight line; This provides an option to

use every scan line, every other scan
line, etc.

12




NPCRE

NPTSL

NPTSU

MAXSON

YMIN

YMAX

NBLSZX

NBLSZY

NSECT

NSMOV

NDIREC

Number of resolution elements to increment
going across the flight line; If every
resolution element is not desired, resolu-
tion elements can be skipped.

Starting resolution element number for
the isometric

Stopping resolution element number for
the isometric

Total number of scans along the flight
to display

The minimum value of the input data used

for calculating scale factors for plotting
the y axis

The maximum value of the input data used
also for calculating scale factors for
plotting the y axis

Stromberg-Carlson 4020 reference frame
coordinate increment in the x direction

Stromberg~Carlson 4020 reference frame
coordinate increment in the direction in
raster counts (normal range g to 12)
NBLSZX and NBLSZY are used to determine
the degree of rotation of the isometric.

Number of passes through the data neces-
sary to display the full-scan width;

1f NPTSL and NPTSU only cover a portion
of the data then NSECT can be adjusted
to cover all the data.

Example:

If NPTSL = 1, NPTSU = 128 and NSPS = 256,
then NSECT =2 will cover resolution
element 1 through 128 and resolution
element 129 through 256.

Number of points in a moving mean span
used in smoothing the input data; Set
to zero if smoothing is not desired.

Direction of the rotation of the iso-
metric; 1 = counterclockwise and
-1l = clockwise rotation.

13



A portion of flight line Cl (Purdue data set) was used
in the following examples. Every resolution element and every
scan was used requiring two passes through the data. NSECT
was set to 2, but only one section is shown here. NBLSZX and
NBLSZY were set to 8 and 12 respectively and both counterclock-
wise and clockwise rotations were used.

Figure 4 shows scan lines 86-129 and resolution elements
1-111 of the total 222 elements of channel 8. NDIREC was set
to -1 to rotate clockwise. Figure 5 shows channel 8 with only
NDIREC changed to +1 to rotate counterclockwise. Figures 6
and 7 reflect identical isometrics using channel 2 of the same
data.

5. DYNAMIC JOINT PROBABILITY DISTRIBUTION

Extensive data analysis of data on hand has revealed jinade-
quacies in the current joint probability distribution program.
The program was restrictive in that a fixed amount of square
storage array allocation was required. This meant that, the
greater the spread of the clusters of the joint probabilities
or individual data pairs, the larger the square storage array
required. This also required a screening of all the data to
determine the ranges of data pairs. After determining the data
ranges, the minimum square storage array required to display
the joint probabilities became NXM, where N is the range between
the minimum and maximum value of the X data in the joint pairs,
and M is the range between the minimum and maximum value of the
Y data in the joint pairs. As this clearly points out, this does
not adapt itself favorably to data that is ill behaved and pos-
sessing widely spread data clusters or widely spread individual
data pairs. Due to the physical limits of the computer storage,
in numerous cases, a considerably amount of data was lost. This
depended largely on the characteristics of the data and since
the primary function of the program was to display the dependent
characteristics of two data channels, this required rerunning
the program and making adjustments to the limits. Therefore,
the program became inadequate.

14
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A new technique has been employed, that adapts itself to
data of any nature, particularly cluster data where the data
clusters are tremendously scattered. The technique requires
only as much storage as actually required by the number of dif-

ferent data pairs and the size of the data storage required is
not dependent on the ranges of the data.

6. JOINT PROBABILITY DENSITY FUNCTION

A joint probability density function program is a necessary
tool in the analysis of earth resources flight data. This pro-
gram gives a preliminary insight to the commonality of occur-
rences observed from two time-series data traces.

For applications to feature extraction, the outputs of this
program give insight to the distinctness of different features

and the location of decision boundaries necessary to separate
different features.

The joint probability distribution is calculated digitally

by selecting a range [a, b] on both sets of data X, Y and divid-
ing the range into K intervals. This gives

C = Eié = gcale factor

To find the X and Y coordinate for each variable X and Y jointly,
an indexing pointer is calculated for each value of X and Y by

_ (x,-a)

(y,-a)
X T eseers——

C

and

An integer one is added to the coordinate p(Ix,I ) for every value

of X and Y in the interval [a,b]. The coordinate p(Ix,Iy) con-
tains the total number of occurrences.

19



A. Computer Program

Data points are paired (user option), given a class, and
are stored in two single arrays, one for the X coordinates,
NPX, and one for the Y coordinates, NP.. The number of data
pairs that are common is accumulated in an array NKNT (i) iden-
tifying the class and the number of occurrences, i, of that class.

The first data pair read from the input tape, will be as-
signed class number 1 automatically. All subsequent data pairs
read from the input tape, will be compared with all the indivi-
dual data pairs that have been assigned a particular class. If
no match is found during the comparison, a new class is created,
using this data pair. There can be up to 4000 different classes
of paired data points stored.

Once all the data pairs are classified, the data pairs are
arranged and sorted such that the Y coordinates or vertical data
are sorted in descending order and the X coordinates or horiz-
ontal data are sorted in ascending order. Data are rearranged
in such a way that the largest spread between the minimum and
maximum is displayed on the vertical axis, which is printed down
the print paper. An example of the three data arrays containing

the joint probability before and after the vertical sort is shown
in Figure 8a and 8b.

B. Core Storage Image

For any data configuration, the core storage image will
appear as in Figure 9a. Projecting this onto an NXM storage
array used in the conventional method, shows the wasted storage
which is used to store blanks (or no occurrences). See Figure 9b.
The conventional data storage method required for this example
is 6 x 7, or 42 core storage locations. The present scheme re-
quires only 21 core storage locations to display the above example.
The advantage, also, is that only 21 core storage locations are
necessary regardless of the scatter of the joint probabilities.
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Figure 8 Data Arrays Before and After Vertical Sort
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In Figure 10a and 10b is an example of the same number of paired
classes, but the data pairs are more widely scattered. 1In this
example, the conventional data storage required is 14 x 12 or

168 core locations. The present scheme still required only 21
core locations.

C. Output Display

To display the arrays as a joint probability distribution,
the first location in the NP array is examined and a decremental
counter is set equal to this value. All the data points in the
NP, array that are paired with this NP value, are collected
along with their number of occurrences NKNT (i), and stored in a
working array. This working array is sorted in ascending order
for printing from left to right across the print paper. A print
line is loaded with blank characters and the blank character is
replaced with the number of occurrences in that location, if any
exist. The number of occurrences is designated by an alphanumeric
character of some hierarchy ordered by the user. The print line
is then output to the printer. The next location in the NP
array is examined and the counter is decreased by one. 1If the
NP _ value is less than the counter, a print line filled with
blank characters is printed and tagged with the value of the
counter. The counter is then decremented and compared with the
NPy value again. If there is a comparison, then the above proce-

dure is repeated. This continues until the NPy array is exhausted.

D. Data Problem Parameters

NCH Total number of channels on input tape

NSPS Samples per logical record or scan line

NSCANS Number of logical records or scan lines
to process

NSKIP Initial physical records to skip before
processing

NSTART Starting sample number
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NSTOP Stopping sample number

LTN Logical tape unit to load input data

NOJP Number of paired joint probabilities
to process

IMX X channel select

IMY Y channel select

SCALE Used to scale data

BIAS Used to shift data

7. BOUNDARY MAPPING

A concerted effort has been made to improve boundary mapping
techniques and to extend these ideas and techniques in order to
classify different homogeneous areas of ground scene data. This
section briefly describes one of several boundary enhancement
techniques, which were investigated, and contains examples of
test cases and problem parameter inputs.

The technique employed in this computer program, incorporates
a moving rectangle made up of four adjacent resolution elements
moved successively through the data. The configuration, produced
by the magnitude of any four adjacent resolution elements con-
nected by an imaginary path, will be defined as the area. 1Iso-
metric displays of the ground scene (Figure 11) show different
area configurations produced by any four adjacent resolution
elements. The possible area configuration models are shown in
Figure 12. From these configurations, the equations for calculat-
ing the area were derived, based on two cases presented by the
data. Case I is the area produced by four adjacent resolution
elements along the Y and Z plane, and case II is the area pro-
duced by four adjacent resolution elements along the X and 2
pPlane. The equations that were derived (Al’ By, C1 for case I
and A,, By, Cy for case II) are shown in Figure 13a.

Several equations that appear here are redundant and are
eliminated by combining similar equations. The composite test
statements that determine which equation to use, are shown in
Figure 13b, and a flow diagram of the decision logic incorporated
in the computer program, is shown as Figure 14.
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Figure 12 Area Configurations Produced by Four Adjacent Data Samples
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Figure 13 Area Equations for Four Adjacent Data Samples
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A probability density distribution of the area is calculated
for each channel of data and every scan. An estimate of this
probability density function is obtained digitally by dividing
the range for X into an appropriate number of class intervals,
say di’ and by tabulating the number of occurrences in each of
these intervals. The number of occurrences N, in each interval
satisfies the equation

k-1
N=z N,
i=0

where k = number of class intervals and N is the total population.

This number sequence {Ni} is found by

Nl = Total number of X: X d1

N2 = Total number of X: d1< X< d2
N3 = Total number of X: d2 < X< d3
N, = Total number of X: de.1 < X d

A plot of the probability distribution of channel 3 and
channel 12, both horizontal and vertical, are shown in Figures 15
and 16. These plots reflect the distribution of one scan of data,
in particular, scan number 5. The criterion to determine if a
resolution element reflects a change in a homogeneous population
of ground scene is the mean of the probability distribution of
the area plus its associated 6. All area calculations of four

adjacent resolution elements that fall outside of the mean plus
6 will be flagged as a boundary.
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The mean area of the probability distribution, P(A), is
calculated by

Z.P(Ai) Ay
T - i i=1,2,...MAX
z P(Ay)
i
on 6 by 12
> p(a;) A2
prad 2
6 =<1 - \ i=1,2...MAX
Z P(A;) (T’TKF)
N i -

In the test cases, all 12 channels were used, except for
two cases where channel 3 and channel 12 were run separately,
and boundary flags set for each channel. The final decision
for determining the boundary, is based on an input parameter
selected by the user. The number of channels indicating a
boundary has to be greater than this value. 1In Figure 17 only
channel 12 was used. This produced too many boundaries and
the separation of different homogeneous areas was not clearly
defined. 1In Figure 18 only channel 3 was used; this produced
too few boundaries. Figure 19 shows all 12 channels with at
least seven reflecting boundaries (Input Option); this produced
too few boundaries. Figure 20 shows at least three channels of
the 12 reflecting boundaries which produced too many boundaries.
Figure 21 produces the best boundary map which uses at least
four channels of the 12 total.
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NSCANS

NSTART
NSPS

avis aa'a

ISUM

NTEST

NBTLG
MODE
NSKIP

NCRE
NBLK

INCX
INCY
NSTX
NSTY
NWHICH

A. Data Problem Parameters
Number of scans or logical records to process
an input tape
Starting resolution element in the scan

The number of resolution elements or columns
to process from each scan { 255)

Number of channels present on input tape

Number of variables or intervals desired in
calculating the probability distribution;
Maximum of 2000.

Number of alphanumeric characters to display
boundaries (note: At the present only two
characters are used, blanks and dots, no
boundary or yes boundary respectively).

Total number of channels used in initial
boundary calculation

Number of channels (plus one), of ISUM,
necessary for a final boundary decision

Number of bits per word on the input tape
Mode of input tape (2=non-FORTRAN, 1=FORTRAN)

Number of records to skip before processing
input data

Data increment

Number of raster counts per character desired
in displaying boundary on the Stromberg-
Carlson 4020 plotter recorder

Raster counts incrementation in the X direction
Same as above in the Y direction

Starting position or frame along the X axis
Starting position on frame along the Y axis

Channel number desired in calculation of
boundary
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8. CHANNEL ALIGNMENT

In recent months there has been an increasing demand to
process and analyze data collected by array cameras using dif-
ferent filters in the frequency spectrum. In order to analyze
data from this camera source, the camera film is digitized and
the digitizing pProcess is carried out separately for each fil-
tered film. Gross errors are introduced into the data, mainly
missalignment of the film when being digitized by a densitometer.
This missalignment must be compensated for before the digitized
data can be merged and processed. A process was developed to
align the digitized data sets by a matching matrix technique.

Boundaries separating homogeneous areas are calculated from
each data set (see section 7) and the boundaries of each data
set are correlated and matched, One particular technique pro-
posed was the use of NXM data matrix for each data set where one
set is assigned the reference channel and the other sets are
correlated with the reference channel by moving the matching
matrix Successively through the selected data area.

The correlation of the reference channel with other channels
is done by matching or correlating a resolution element from the
reference channel with all resolution elements in the matching
matrix of other channels. If there exists a match or correlation
of boundaries, then a cell in the matching matrix display at those
coordinates is incremented. The NXM matching matrix is moved by
one resolution element, and the next resolution element from the
reference channel ig matched or correlated with all the resolution
elements in the matching matrix of other channels. If there exists
a match or correlation of boundaries, then a cell in the matching
matrix display at those coordinates is again incremented. This
continues as the matching matrix is moved Successively through
the selected data interval.
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An expanding and collapsing technique is employed at the
beginning and end of the data set to eliminate edge effects and
loss of data. As the NXM matching matrix is moved successively
through the data set, the correlation of the two channels, if a
correlation exists, is accumulated at the beginning of the data
set at the matching matrix display coordinates MATRIX (i,j)
going across, where

1,2,3...

and going down where

jo= 5 - bHl, B - b2, k 1,2.3...5 .

This continues until the entire matching matrix is within the
objective data, thus eliminating the edge effect. Once the match-
ing matrix is within the objective data then i = 1,2,3...N; and

j =1,2,3...M. Upon termination of the matching matrix at the

end of a data set, a collapsing technique is employed. This tech-
nique is the same as the expanding technique except the accumula-
tion at the end of the data set at the matching matrix display
coordinates MATRIX (j,i) is i = 1,2.3... N-k, where k = 1,2,3... §;

and j = 1,2,3... M-k, where k = 1,2.3... J .

The matching matrix is then printed for each combination of
correlations. No boundary and boundary correlation of two data
channels (0.1l), and boundary and boundary correlation of two data
channels (1,1). Alignment shifts can be performed by locating
the peaks in the NXM matrix where boundaries of two channels are
matched. The matching matrix is shown in the output example.

This peak occurred at coordinates (-5, +4), therefore, the channel
being correlated with the reference should be shifted -5 data
records and +4 resolution elements to align the two channels.
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This technique corrects for any horizontal and vertical
alignment satisfactorily, however it does not correct for any
skewness introduced, while the film is being digitized, or any
distortion in the camera array angles. A technique that fully
corrects for this type of missalignment is presently being
developed, but due to inadequate computer turnaround time, re-
sults are not available.

A. Computer Program

A program was written to match and correlate up to three
data channels and as many different intervals of a data set as
desired. This will enable the user to calculate the alignment
in areas of the data set where boundaries are clear and can be
detected. Input to the program is three FORTRAN formatted fixed
point binary tapes containing boundary flags (fixed point integer 1
for boundary and O for areas that are homogeneous).

B. Data Problem Parameters

NTIMES Number of sections to correlate

LT9 Logical unit to load input tape number one

LT10 Logical unit to load input tape number two

LT11 Logical unit to load input tape number three

NSTART Starting resolution element

NSTOP Final resolution element

NSCANS Number of scans in the matching matrix

NSPS Number of resolution elements across the scan
in the matching matrix

NREFX Starting resolution element in the reference
channel; Tape number one.

NREFY Starting scan number in the reference channel;
Tape number one.

NCH1X Starting resolution element in the channel to
be correlated; Tape number two.

NCH1Y Starting scan in the channel to be correlated;
Tape number two.

NCH2X Starting resolution element in the channel to
be correlated; Tape number three.

NCH2Y Starting scan in the channel to be correlated;

Tape number three.
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C. Program Flow Chart
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kl) Channel Alignment
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9. CHANNEL REGISTRATION

Registration of digital images of the digitized film pro-
cessed from a multiple camera array system, has become necessary
due to the rotational, translation and scaling errors introduced
during processing. A course alignment is made by employing the
matching matrix technique but this only corrects for a horizontal
or vertical shift in the digital images for alignment. There
exist errors in the digital images, such as rotation and transla-
tion errors, which have to be corrected by a more effective means.
A technique which will accomplish this is presently being developed
and has been demonstrated. Computer results are not available,
due to contract expiration which prevented finalizing the analysis,
therefore, no illustrations are shown.

The technique requires generating boundary maps of the digital
images and a manual technique is used to correlate similar areas
of the digital images with each other. A good sampling of the
entire scene is made which provides enough input to a set of equa-
tions (equations are presently being derived and improved upon)
to calculate coefficients for each digital image combination.
When used with the x and y coordinates of a reference channel,
position pointers are calculated giving the respective x and y
coordinates of the channels to be aligned. Data points are taken
from these coordinates and placed at the coordinates of the ref-

erence channel. All channels are then output to magnetic tape
becoming merged for further processing.

A program was written to overlay any combination of digital
images containing boundary information (0 and 1) that have been
registered and merged. This overlay program produces a map showing
the location of boundaries and homogeneous areas that are similar.
This program is used in conjunction with the registration process
and evaluating the accuracy of the registration process.

After the digital images are aligned satisfactorily the reg-
istration process can be carried out on the raw data and processed
as desired, or the merged boundary tapes can be processed.
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A. Computer Program

A computer program was written to register multiple digital
images using boundary information or raw data. The program inputs
a reference channel and the x and y coordinates of data points
from the reference channel are input to a subroutine FETCH which
returns through the call statement the x and y coordinates of the
channel to be aligned. Subroutine FETCH contains DATA statements
with coefficients used in the calculations. These DATA statements
can be changed to reflect coefficients of different digital images.

NSPS
NCHAN
NSCANS
NSKIP1
NSKIP2
NSKIP3

B. Data Problem Parameters

Number of samples per scan

Number of channels on input tape
Number of scans to process

Initial position of tape number one
Same as above for tape number two
Same as above for tape number three
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C. Program Flow Chart
( start ’
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arrays

parameter
input
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flags
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image
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fetch

_ /

position tape to correct
coordinates
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data
buffer
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end

image

#2

merged

data

Channel Registration
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fetch

go to NTYPE

calculate x ) Y

coordinates for
image 1

< return )

calculate x, y

I

coordinates for
dimage 2

return )

end

[

Channel Registration (Concluded)
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10. SPECTRAL DISCRIMINATION

Capabilities have been developed to discriminate ground
scene features using computer techniques with digitized images.
These capabilities are available at MSFC for analysis and inter-
pretation of earth resources flight data. Computer programs and
algorithms were developed during this contract period, March 22,
1971 to September 22, 1972, under the auspices of the National
Aeronautics and Space Administration, with Mr. Robert Jayroe
COR. The mathematical rationale used in the development of these
computer programs are to be published by Mr. Robert Jayroe in
a NASA report entitled "Unsupervised Spatial Clustering with
Spectral Discrimination."
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ERFDP USERS MANUAL
SECTION II INTRODUCTION

Processing earth resources data is the future will require
a somewhat automatic approach due to the volume of data and the
extent of analysis required to interpret the data. This requires
a complex data processor designed to maintain an automatic data
processing (ADP) environment for the user. The processor is
designed using independent modules with an executive program
driving each module. A block diagram depicting this modular
Structure is shown as Figure 22.

This processor uses an overlay technique, which compiles
and communicates with all modules, but only executes modules
selected by the user. The concept of using overlays provides
capabilities for processing input data, through all the program
modules sequentially or only selected modules as desired, Each
module can be improved upon, expanded and modified independently
of other modules, and each module can be improved or modified

in a 32K core storage environment irrelevant to the other modules
(see Figure 23).

This conept has the disadvantage of having to utilize an
intermediate storage tape, which necessitates executing read/write
commands, which are certainly time-consuming. However, the ad-
vantages outweigh the disadvantages significantly by providing
versatility in the overall function. To further improve on the
efficiency of the program, the read/write commands use alternate
input/output channels when possible to eliminate, in most cases,
the computer being in a "wait" condition due to either channel "A"
or channel "B" being busy.

The overlay concept entails having a main program which calls
each individual module as requested by the user. This keeps the
overall processing contained in one large program and each program
module is brought into the computer, compiled, Qverlay structures
created, and then output onto an overlay tape. All modules are
treated in this fashion regardless of which and how many are to
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be used. Each module to be executed is brought into the computer
in a "transit" area (see Figure 24), and upon completion, another
module, if requested, is brought into the same 'transit" area to
be executed. A common area in the computer is used to store in-
formation that may be used by more than one module. Each module

has access to this common area at any time it occupies the
"transit" area.

1. EARTH RESOURCES FLIGHT DATA PROCESSOR

The ERFDP is comprised of seven separate and independent
modules which reside in computer memory only while being executed.
Module seven consists of three lower level modules that are called
into memory to perform their function automatically when module

seven is requested by the user. The segmented structure appears
as diagrammed.

Each module can be called into core memory and executed
independently and in any order with the exception of module seven.
Module six has to be executed prior to module seven, since the
boundary mapping output is input to module seven. If module six

has been run previously and a boundary mapping output tape is
available, then module seven can be executed alone.
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A dimensional variable called MODULE is dimensioned 8,
which sets aside eight memory locations to store a users request
for module execution. The number of locations filled depends
upon the number of modules requested to be executed by the user.
The remaining locations contain zeroes and when the processor

éncounters a zero while examining the list, it terminates under
system control.

A. Data Problem Parameters Example Setup

$DATA
SINIT
MODULE = 1,2,4,6,7 User request modules 1,2,4,6,7
to be executed and in that order.
SEND

B. Input Tapes

Unit - Users option under individual modules (A6 recommended)
Type - Reference individual modules

C. Output Tapes

Reference individual modules

58




2. MODULE ONE

Module one when called into memory calculates a probability
density function for any number of channels not to exceed 12.
The module provides options to calculate probability density
functions on selected channels also.

A. Data Problem Parameters Example Setup

$INPUT1

NCH = 3 Number of input channels

NSPS = 794 Number of samples per record

NSCANS = 500 Number of scans or records to process

NSTART = 1 Starting sample number

NSTOP = 794 Stopping sample number

NBTLG = 12 Bit length of input data word

MODE = 2 Signifying non-FORTRAN input tape

ITYPE = 0 Fixed point input; ITYPE = 1 ; Floating
point 36-bit word input

MSFC = 0 Not MSFC scanner format; MSFC = 1; MSFC
scanner format

LTN = 10 Logical tape unit of input tape

NSKIP = 2 Skip first two data records

NCRE = 1 Data increment to process

XMAX = 1200.0 Maximum value in data set

XMIN = 300.0 Minimum value in data set

NOCHS = 3 Number of channels to calculate probability
density function

NWHICH = 1,2,3 Calculate probability density function on
channels 1,2, and 3

$END

7/8

B. Input Tapes

Unit - Users option under input parameters
Type - Any odd parity binary, 3-bit modulus, fixed point

with word lengths (1_36 bits, or floating point.
C. Output Tapes

None (only print output)
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D. Program Flow Chart
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3. MODULE TWO

Module two outputs on print paper and/or Stromberg-Carlson
4020 recorder, the quantized levels of a data set with alpha-
numeric characters displaying specific quantized levels. Alpha-
numeric characters can be selected and input to the module on a
card included in the input problem parameters to provide different
shading for certain levels. This module displays only one channel

per computer pass, and that one channel is optional and selected
by the user.

A. Data Problem Parameters Example Setup

$INPUT2

NCH = 3 Number of channels on input tape

NSPS = 794 Number of samples per record or scan

NSCANS = 500 Number of scans to process

NSKIP = 2 Number of scans to skip before processing

NSTART = 1 Starting sample number

NSTOP = 120 Stopping sample number

ITERM = 6 Number of passes processing 120 samples
each pass

N =11 Number of levels plus 1

ICHAN = 3 Channel used in mapping

IPRT = 1 Option to print

IPLT =1 Option to plot

INCX = 0 Increment in x direction for each sample
(rasters)

INCY = 8 Increment in y direction for each sample
(rasters)

NSTX = 0 Starting x coordinates on plot frame

NSTY = 0 Starting y coordinates on plot frame

NBTLG = 12 Bit length of input data words

MODE = 2 Signifies non-FORTRAN

ITYPE = 0 Fixed point input data; ITYPE = 1 ; Input
data floating point 36=bit words

MSFC = 0 Not MSFC scanner format; MSFC = 1; MSFC

scanner format
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NCRE =1 Data increment

LTN = 10 Logical tape unit of input tape

IOPT = O Signifies automatic quantization

SEND

SGRYLYL

GLVL = 1., 2., 3., 4., 5., 6., 7., 8., 9., 10., 11.
1., 2., 3., 4., 5., 6., , 8., 9., 10., 11.

$END
7/8

B. Input Tapes

Unit - Users option under input parameters

Type - Any odd parity binary, 3-bit modulus, fixed point,
with word length ( 36 bits or floating point.

C. Output Tapes

None (only print output)
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D. Program Flow Chart
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4. MODULE THREE

Module three calculates contour lines throughout an input
data set depicting elevation, altitude, temperature or boundary
contours. The contour lines are output and displayed by the
Stromberg-Carlson 4020 plotter. Frame butting in the module pro-
vides for continuous contour plotting for infinite data sets.

The contour lines can be scaled by utilizing the block size
option (BLK) in the input problem parameters.

A. Data Problem Parameters

$INPUT3

NCH = 1 Number of channels

NSPS = 90 Number of samples in a scan (record)

IRW = 11 Logical tape unit for input data

NCHAN = 1 Channel number

NSNCRE = 1 - Number of scans to increment

NPCRE = 1 Number of samples to increment

NPTSL = 1 Lower starting point

NPTSU = 90 Upper stopping point

NBTLG = 36 Bit length of input data word

MODE = 1 FORTRAN formated (1) or non-FORTRAN (2)

ITYPE = 0 Fixed point input ITYPE = 1,
floating point input

MSFC = 0 MSFC = 1; MSFC scanner format

NSKIP = 0 Number of records to skip

MAXSCN = 100 Total number of scans to process

MSZX = 90 Data block size in x (samples)

MSZY = 8 Data block size in y (scans)

BLK = 8.0 Plot frame block size in rasters

FHINC = 10.0 Labeling increment

ZMIN = 8.0 Minimum label

ZMAX = 138.0 Maximum label

LAB =1 Label every interval

SEND

7/8
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B. Input Tapes

Units - Optional under input data

Type = Any odd parity binary, 3-bit modulus, fixed point,
with word lengths ¢ 36 bits, or floating point.

C. Output Tapes

SC 4020 Stromberg-Carlson formatted tape
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D. Program Flow Chart
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5. MODULE FOUR

Module four displays a two-dimensional plot of three-
dimensional data where only one single array of data is input
and the data samples are ordered in an XY coordinate system,
where Y is the scan line count and X {s the resolution element

in the scan.

Data sets of infinite length can be displayed on
the SC4020 recorder.

The module provides for multiple passes

through the data set in order to view the entire data set in

sections.

A. Data Problem Parameters Example Input

$INPUT4
NCH = 12
NSPS = 222
NSKIP = 0
NBTIG = 12
MODE = 1

IRW = 10

NCHAN = 6
NSNCRE = 1
NPCRE = 1
ITYPE = 1

MSFC = 0

NPTSL = 1
NPTSU = 111
MAXSCN = 120
XMIN = 0.0
XMAX = 222.0
YMIN = 0.0
YMAX = 255.0
NBLSZX

Number of channels on input data tape
Number of resolution elements per scan
Initial records to skip

Bit length of the input data word

FORTRAN formatted (1) or non-FORTRAN
formatted

Logical tape unit to load input
Channel selected to be plotted
Scan incrementation

Resolution element incrementation

Fixed point input (0) or Floating point
input (1)

MSFC scanner format (1) or not MSFC
scanner format

Lower resolution element to start
Upper resolution element to stop
Scan lines to be processed

Minimum value for scaling the X axis
Maximum value for scaling the X axis
Minimum value for scaling the Y axis
Maximum value for scaling the Y axis

The distance separating the plotted points
in the X direction
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NBLSZY The distance separating the plotted points
in the Y direction

NSECT = 2 Two passes through the data to plot the
data set in two sections

NSMOV = 0O No smoothing on input data

NDIREC = 1 Orientation of the isometric left view (-1)
or right view (1)

$END

7/8

B. Input Tapes

Unit - Users option under input parameters

Type - Any odd parity binary, 3-bit modulus, fixed point
with word lengths ¢ 36 bits, or floating point
binary.

C. Output Tapes
Unit - A8 SC4020
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D. Program Flow Chart
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6. MODULE FIVE

Module five calculates a joint probability density function
from two time-series data traces selected by the user in the
data problem parameters. The program provides for multiple passes
through the data set for multiple joint probability density func-
tions. The raised data points are classified and stored in one
single array along with its associated occurrences of like data

pairs. The joint pairs are sorted vertically in descending order
and horizontally for each print line in ascending order.

A. Data Problem Parameters Example Setup

$INPUT5

NCH = 12 Total number of channels on input tape

NSPS = 222 Samples per logical record or scan line

NSCANS = 920 Number of logical records or scan lines
to process

NSKIP = 0 Initial physical records to skip before
processing

NSTART = 2 Starting sample number

NSTOP = 222 Stopping sample number

LTN = 10 Logical FORTRAN IV tape unit

NOJP = 2 Number of paired joint probabilities to
process

IMX = 4,3 Use channel 4 and 3 in X

IMY = 6,7 Use channel 6 and 7 in Y

SCALE = 1.0 Used to scale 1 ‘

BIAS = 0 Used to shift data

$END

@ @ ),/*amc... (Alphanumeric characters)

7/8

85



B. Input Tapes
Unit - A6 (optional)
Type - Any odd parity binaryé 3-bit modulus, fixed point
6

with word lengths ¢ bits, or floating point
binary.

C. Output Tapes

(none print output only)
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~ D. Program Flow Chart

( start }

dimension
arrays

set up
initialization
constants

input /
problem problem
arameter parameters

set up

loop for
no of joint
distributions

position
input
tape

select
joint pairs

:;;Ze printer
titles output
set up
loop for
number of
scans
Dynamic Joint Probability
l ] l Distribution

po——
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set up

Toop for
no of samples

per scan

read :Z7

input qatat

data / inpu
<:§:> — N=1

scale
data to

>

set up
data pair
(x,y) in
class (n)

yes
class (J)=class (J) + 1
o
n=n+1}
:2:: Dynamic Joint Probability
Distribution
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no

no

test for
spread in
x and y

direction

order row

data in

descending
order

set up
loop for
printing

Bet

sort paired
classes in
ascending
order on
print line
with spaces

output Z/
sorted

storage

pairs /
3:/
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tape

Dynamic Joint Probability
Distribution _



@e no

storage \\ rewind 27 data
tape \ tapes / ‘ tape
end

Dynamic Joint Probability
Distribution (concluded)
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7. MODULE SIX

Module six calculates boundaries outlining edges of homo-
geneous areas of ground scene data. These boundaries are dis-
played on print paper where a selected alphanumeric character
signifies a boundary and blanks signify areas of homogeneity.
This output is also displayed on the SC4020 plotter where bounda-
ries are flagged by an alphanumeric "period." The boundary out-

put is used in further processing to extract information for
feature discrimination.

A. Data Problem Parameters Example Setup

$INPUT6

NSCANS = 120 Process 120 scans of the data set

NSTART = 1 Starting sample number

NSPS = 222 Number of samples to process; ( 255)

NCH = 12 Number of channels on input tape

NSYM = 49 Dimension of the Alphanumeric array

ISUM = 5 Number of channels used in calculating
boundaries

NBTLG = 12 Bit length of input data word

MODE = 1 FORTRAN formatted (1), non-FORTRAN
formatted = 2

ITYPE = 0 Input data fixed point. Floating point
binary = 1

MSFC = 0 Not MSFC scanner format MSFC scanner
format = 1

NSKIP = 0 Skip no records before processing

INCX = 0 Incrementation in the X direction on the
plot frame between resolution elements
for each scan

INCY = 4 Incrementation in the Y direction on the
plot frame between resolution elements
for each scan

NSTX = 0 Starting X coordinates on the plot frame

NSTY = 0 Starting Y coordinates on the plot frame

NCRE = 2 : Data incrementation; Use every other data
sample for boundary calculations
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SEND

SNCHUSE

NWHICH = 1,3,4,8,12 Channel selection for calculating
boundaries

SEND

@D O @ *(- =, $+ABC ....212 ...90-

7/8

B. Input Tapes

Unit - Any odd parity binary, 3-bit modulus, fixed point
with word lengths ( 36 bits, or floating point
binary.

C. Output Tapes
Unit - B6
Type - Fixed point binary l's and 0's FORTRAN formatted

255 words or less plus 1 FORTRAN index per logical
record.
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D. Program Flow Chart

START

INITIALIZE
ARRAYS

T PROBLEM PARAMETERS

INPUT (
CARDS

POSITION
INPUT TAPE

1

SET upP
INPUT
Loop

YES

IT > NSCAN

160

NO
I1=11+1

INITIALIZE
P(A)=0 (FOR ALL VALVES OF A)

IT# 2

NO

INPUT INPUT
Xn n=1, NSPS DATA
i TAPE

o

E A ] Boundary Mapping
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SET UP
LOOP OVER
DESIRED
CHANNELS

SELECT

CHANNEL
FROM ICHAN

POSITION

]

SET UP
LOOP
OVER
NSPS

JJI>NSPS

ENTER
AREA
DECISION

LOGIC

I

CALCULATE
| AREA,, |

N

98

ICHAN=1,ISUM

Boundary Mapping

INPUT
DATA
TAPE




| P.(A)=MIN NO TEST NO Pi(A)=MAX l

I MINsAH’VsMAX l

]
Pi(A)H+]

Pi(A)V+]

TORE A(Jd)
(INTERGIZED)
NN(JJ)=A(JJ)

380 —

.CALCULATE
R&o
i

SET upP
LOOP
OVER NSPS

YES

l FLAG NO BOUNDARY FLAG YES BOUNDARY

©

@«

l YES

Boundary Mapping
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CLEAR
DISTRIBUTION (< 440
TABLE

—

210 P

SET UP

DISPLAY

SYMBOLS
|

OUTPUT Z
BOUNDARY SCEQTCH

SAVE

INITIALIZE
ARRAYS

FINISH NO

OUTPUT Z/
BOUNDARY

510

REWIND
ALL
TAPES

END
Boundary Mapping (concluded)
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8. MODULE SEVEN

Module seven consists of three submodules called into core
memory sequentially to classify land use data. These modules
perform spatial clustering, sequential merging, and spectral dis-
crimination of ground scene images. The module provides an op-
tion to select multiple passes to further classify small insigni-

ficant homogeneous areas that may be overlooked or misclassified
during the first pass.

The input to module seven is the boundary mapped information
(see Boundary Mapping) and the raw spectral digitized images.
The spatial clustering submodule searches areas on the boundary
map tape that contain homogeneous areas consisting of at least
100 square resolution elements as a threshold. When this search
is satisfied, this homogeneous area is identified with a number
which is incremented for each separate homogeneous area. A new
tape is created containing these identified clusters. The sequen-
tial merging submodule searches the tape containing the identified
clusters and selects the raw spectral data associated with each
cluster. Criterion parameters are calculated and the merging
process takes place merging all similar clusters.

The spectral discrimination submodule, classifies the merged
clusters starting with an initial class of one, with unit incre-
mentation for each new class detected. The raw spectral data
criterion parameters, for each resolution element are compared
with all classification criterion parameters. If a comparison
exists, then the resolution element becomes classified. If there
is no comparison, the resolution element is assigned a blank or

a boundary flag, (if the resolution element reflects a boundary) .

If the ground scene is not classified satisfactorily, another .
pass can be performed reducing the homogeneous square area thres-
hold to 36 resolution elements. This will enable smaller homo-
geneous areas, that were not detected by the 100-square resolution

element threshold to be detected and an attempt will be made to
classify these areas also.
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In the output example of module seven, Figure 25 shows the
initial clustering of homogeneous areas that contain at least
100 square resolution elements, Figure 26 shows the results of
the sequential merging and the classifying process. 1In Figure 26
there exist areas that were not classified therefore an additional
pass was necessary to improve the classified areas. Figure 27
shows small homogeneous areas clustered using the 36-square reso-
lution element threshold. These areas are clusters 0, P, and Q.

Figure 28 shows the areas 0, P, and Q, have been merged and classi-
fied which improves the classified images.

A. Data Problem Parameters Input Example

$INPUT7?

NPASS = 2 Perform two passes through the clustering,
merging and classifying process

NCLUST = 0 Initial cluster number. Additional passes
can be performed on reruns, by inputing
the total number of classes already detected.

$END

$INPUTA

NSPS = 222 Number of resolution elements in entire
scan or logical record

NSCANS = 120 Number of scans to process

NCH = 12 Total number of channels on input tape

LT1 = 1 Logical tape unit for scratch tape

LT9 = 9 Logical tape unit for storage of update
information

LT10 = 10 Logical tape unit for raw data input

LT11l = 11 Logical tape unit for boundary map

LT12 = 12 Logical tape unit for clustered homo-
geneous areas

LT13 = 13 Logical tape unit containing the final
classified map

NSTART = 1 Starting sample number

NSTOP = 140 Stopping sample number; Process only
sample number 1-140 (NSTOP-NSTART + 1 { 255)

NBTLG = 12 Bit length of word on input raw data tape

MODE = 1 Input data FORTRAN formatted

MODE = 2 non-FORTRAN formatted
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Figure 27 Clustered Homogeneous Areas
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ITYPE = O

MSFC =

14 = 1

NCRE

NSKIP
INCX =

INCY

NSTX

NSTY

IXXX
IYYY

Q@

10
10

Input tape binary integer ITYPE = 1,
floating point format

Non-MSFC scanner format; MSFC scanner
has housekeeping data requiring special
handling.

Set MSFC = 1 if MSFC scanner data

Number of physical records per logical
record

Data increment; NCRE = 1 use every data
sample

Initial records to skip before processing

Increment in X direction on SC4020 plot
frame for each sample

Increment in Y direction on SC4020 plot
frame for each sample

Starting X coordinate on the SC4020 plot
frame

Starting Y coordinate on the SC4020 plot
frame

Homogeneous area threshold samples in X

Homogeneous area threshold samples in Y
direction

1234567890ABC ....(Alphanumeric characters for displaying
classified homogeneous areas)

B. Input Tapes

Unit - A6 and B6

A6 is any odd parity binary
point with word lengths ( 36 bits, or floating
point binary.

B6 is integer binary FORTRAN formatted.

3-bit modulus, fixed

C. Output Tapes

Units - B5 FORTRAN floating point binary

(update information)
A7 FORTRAN fixed point binary (Cluster data)
B7 FORTRAN fixed point binary

D. Intermediate Tapes

Units - A3, Scratch tape only
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E. Program Flow Chart

‘ start )

set up
label

common

\  input
. data

o/

initialize
class
counter

set
initial
cluster

-

call
clust
/

call
SEQMRG

call
class
Cl
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H

problem
parameters
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adjust
cluster
number

no

final
pass

yes

return
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setup
labeled
common

|

position
tapes

set flags

initialize
arrays

Y load

T

\ gopad ]
working
\Va

search
for

homogeneous

areas

assign
cluster
number

J
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boundary
map

Spectral Discrimination



7

reload
working
block

—]

spatial merg

yes

more

data
\no

B6

relabel
cluster
table

assign new

numbers

-

output /

SC4020

cluster <

A3
A7

A3 |

display /

print
map

( return }
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-

SEQMRG
S

set up
labeled
common

\ position 7 N

A

set u P
merg table

set up

loop for

clusters
ICLUST=1

—

call
FETCOR

calculate
covariance

print
covarianc

Spectral Discrimination
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calculate
eigen valves
and vectors

MERG
converg no (ICLUST)
=0

.

yes

calculate
rotation
matrix

store class
number in
merg table

assign
population

merge
current
cluster

cluster no
mey A )

yes

Spectral Discrimination
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ICLUST +1

yes

update
parameters

cf::slgtr:) class + 1

cluster

more

clusters *?

no

\ output ]
update B5 storage
\ infor- /
mation /

output rint
working ! P

aper
matrices/ -l pap

- .

rewind Z A7
tapes Ab

B5
{ return )

Spectral Discrimination



set up
labeled common

initialize
arrays

cluster

counter
NCNT =1

input
cluster

NCNT

\input raw
\ data for

\(:luster
\NCNT
AN

__calculate
X, X% and
population

flag position
cluster number
NCNT + 1

3
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clustered
data

raw
data

Spectral Discrimination




position
tapes to
NCNT + 1

NCNT =
NCNT + 1

return )

e

a

Spectral Discrimination
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class

set up
labeled
common

A3
B5

<
position

tapes /
R

Ab
A7
B7

input
data

up date
B5 parameters

input
data

boundary
A7 information

raw

\ nput /7
data j

(as
Ab ] data

/

AN

calculate
threshold

rotate
data sample

N
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no

assign as
classify unclassified
or
g:‘;ﬁ le boundary
P point
1
classified
data
ves
rewind Z A3
tapes Ab

i ;

Spectral Discrimination
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no

final

pass

yes

input
data
\L-———_

edit
classified
samples

output Z
data

L

output /
data

L

\ cume /
output
\ data

.
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/D classified
f scrat07 samples
final
B7 classified
data
classified
map
-
A8 classified
sc4020/ ™MaeP
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$DATA PROBLEM INPUT

$IBFTC MOD 7B

$ORIGIN B(MODULE 7B)

;
/

/$IBFTC  MOD 7A

$ORIGIN B(MODULE TA)

$IBFTC MOD 7
$ORIGIN A(MODULE 7)
i=3,6

$IBFTC MODi
$ORIGIN A(MODULE;])

$IBFTC MOD2
$ORIGIN A(MODULE 2)

$IBFTC MODI1 _.|

$ORIGIN A(MODULE 1) /
$IBJOB FIOCS, MAP

EXECUTE IBJOB |

Figure 29 1IBM 7094 Job Deck Setup
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7094 - INSTRUCTIONS

NAME:

John Doe, opcove: // |stack™

+#, . W
BN OS2 LOC.4£63 08" /234 5,
IF EXCEEDS MAX: FAST TAPES: ABCD
OSTR OsTz OOMPARETSY[

INPUT TAPES WORK

LOGIC | REEL No | Dewn | L0OSIC
wesYs PL /ASSMBL o ,
D §PoOK mcure G 54565 5 A
DJQTHER O PUNCH (BCO BIN} 9
m{smn QOMAP
D2FTRN QOFAP /37
QapT oscaT
O PERT COTHER ﬁ 3

35

LINES OF QUTPUT (I00Q'S)|MAXIMUM TIME:

D0-5 %13 o)3-30 DOVER|HOURS >3—MINUTES &
PROGRAMMER COMMENTS: NUMBER OF CASES

Com ”\0’”‘+, COV‘f‘~m€r‘,+

OVER:
O SEE ON-LINE
O SEE TECHNIQUES
0O MAX EXCEEDED
OPERATOR COMMENTS: 3 RETURN TO SYS
O LINE MAX
OPER INIT:
OVER:
OUTPUT TAPES ONLY 4020
REEL NO. LOGIC DEN.| UNIT [NO OF CPYS{ SAVE TAPE
B-1 |8
Boe |8 -
s |8 ;
A7 |5 2
AE | S v

NOFILES |NO FRAMES| copies | pensiTY | €oPv-FLo )[XALVAR
1 4 8 PIF[sls|lP]|F

MSFC - Form 533 (Rev February 1966)

[/

Figure 30 1IBM 7094 Instruction Form 533
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APPENDIX

Computer Program Listing
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HEREARERRERREXT B M 70094 PROGRAM LISTING WITH JOB CARMGH® %5525 %% %% %%

$J08 NASA JUAYROF BIN 53 4434300500512+ 14MCE
$EXFCUTF 18J0OB

$18J0R FI10CSyMAP

SFILF ~-UN1T03-4NONF

$FILF -UNTTO4-3NONF

SFILF ~UNTTO7-4NONF

$FILF ~UNTTO8-sNONF

SFILF ~UNTIT14-sNONE

$FILF -UNIT15-9NONF

$IRFTC FRFNDP
DIMENSION MODULF(8)
COMMON DATA(12)
NAMFLIST/INIT/MODULF
NO 1 1=1.8
] MONULF(1)=0
I=0
READ(BINTT)
WRITE(6sINIT)
998 CONTINUF
T=7+1
1GO=MONULF (1)
IF (160 .LF, 0}y GO TO 999
O TO (109114912+134144515416)5160
10 CONT INUF
CALL PROB
GO TO 998
1M1 CONTINUF
CALL GLFVEL
GO TO o998
12 CONT INUF
CALL JONTPB
GO TO 998
13 CONT INUF
CALL ISOMET
GO TO 99¢
14 CONTINUF
CALL CNTLIN
GO TO 998
18 CONT INUF
CALL BWNDR3
GO TO 998
16 CONTINUF
CALL CLASFY

GO TO 9or
Q99 CONTINUF
CALL CLFAN
STOP
FND
SORIGIN ALPHA s SYSUT?2 sREW
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$IBFTC MOM
SURROUTINF PROR
COMMON NATA(12)
COMMON/C1/ GLVL(11912)sNWHICH(1?)
DIMENSION NTABLF(201+12)9DATAB(201)

NAMEL!ST/INPUTI/NCHaNSPS¢NSCANS’NSTART’NSTovaBTLG’

1I1TYPEJMSFCsLTN,NSKIP,
TNCRE 9 XMAX ¢ XMIN 3 NOCHS s NWHT CH
RFAD(5+INPUTY)
WRITF{6sINPUTY)
C CALCULATE PROBILITY DISTRIBUTION TABLF
RFSOL=(XMAX-XMINY/200,0
SEALF=200,0/(XMAX=XMIN)
C INITILIZF ARRAYS
DO 6 IB=1,12
DO 6 IBR=1,201
NTARLF(IRBsIR)=0
6 CONTINUF

NATAR(Y)=XMIN

NO 1 1224201

DATAR(TI)=DATAB(I-1)+RFESOL
1 CONTINUE

NFLAG=0

NO 4 1C=1sNSCANS

NFLAG?=1

PO 2 1=NSTARTsNSTOP ,NCRF

caLL GFTl(DATAoNSPS.OoNCHoNSCANOoLTN,IFRR9NFLA629NFLAG

INRTLGYMODESNCRF s ITYPF sMSFC)
GO TO (10+999510,10,999),IFRR
10 CONTINUE
DO 3 TA=1sNOCHS
NCHAN=NWHICH(1A)
JJI=DATA(NCHAN)*SCALF+1,0
IF (JJ LT, 1) GO TO 2
IF (JJ +GTe 201y GO TO 3
NTARLE(JJ9sNCHAN)=NTABLF(JJI9NCHAN) 41
3 CONTINUF

2 CONTINUF

4 CONTINUE

999 CONTINUE
RFWIND LTN

WRITF(651000)
1000 FORMAT(1H1s50Xs26HPRORABILITY DISTRIBUTION
1001 FORMAT(1HOs1304 AMPLITUDE CH 1 CH 2
1 CH 5 CH 6 CH 7 CH 8 CH 9
’A CH 12 )
WRITE(6+1001)
1002 FORMAT(1H sF9,14512110)
NO & 1=1,201
WRITF(6+91002) NATAR(T)s(NTARLF(T5JJ),JJ=14NcH)
5 CONTINUF
CALL PRODEN(NTABLF 3SCALFsGLVL s XMAX s XMTN)
20 RFWIND LTN
RETURN
END
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$ 18 Tr PROR?
SURROUTINFE PRONEN (NTARLF sSAALF »GLVL o XMAX 9 XMTN )
NDIMENSION NTABLE(201512)sGLVL(11912)
PO 2 IM=1,17
NTOTAL=0
MAX =201
PO 1 1=1,MAX
NTOTAL=NTOTAL+NTABLF(1,1M)

) CONTINUF

NTFMP=0
GLVL(1s1M)=0,0
NeT=NTOTAL/10
11=>
NO 2 =0 4MAX
1J=1-)
NTFMP=NTFMP4+ (NTARLF (TJs IM)4+NTABLF(T,TIMy) /2
IF (NTFMP LT, NCTy GO TO »
NTFMP=NTFMP=-NCT
GLVL(TTs IM)y=FLOAT(1J)/SCALF+XMIN-,5

11=1141
? CONTINUE

GLVL (115 1M)=XMAX
3 CONT INUF

NO 20 M=1,11

WRTTF(691000) (GLVL(MyMMy 4MM=1,12)
20 CONT INUF
1000 FORMATI(1Xs12F6,.1)

RFTURN

END

$IRFTC MOD>
SUYYRROUTINF GLFVFL
-
c 7094 DFCK - MULTISPECTRAL SCANNFR PLOT
(
NIMENSION TALPHA(20)
NIMENSION TARAY(256)
NIMENSION IWAVF(13)
NDIMENSION NUM(20)sPERCFEN(20)
NDIMENSION XLIM(12)
COMMON DATA(12)
COMMON/C1/7 GLVL(11412)sNWHICH(1?)
NAMEL IST/INPUT2/NcH o NSPSINSCANS sNSKTP JNSTART JNSTOP , T TFRM,N, 1CHAN,
1IPRT 3 IPLT s INCX s INCYSNSTX s NSTY ,NBTLG,MODE yNCRE,LTN;310PTY
NAMELIST/GRYLVL /GLVL
IN=5
IN1=10
1011T=6
NFLAG=0

126




NFLGPT=0
RFWIND 1N1
CALL CAMRAV (15}
cALL BUTTVI(1)
READ (5 INPUT))
WRITF (69 INPUT))
DO 103 1=1,N
XLTM(T)Y=GLVL(1+,1CHAN)
303 CONTINUF
RFAD (INSGRYLVL)
1IF (10PT ,FQ, 0) GO TO 302
NO 301 1=1sN
XLIM{I)=GLVL(1,1CHAN)
301 CONTINUE
202 CONTINUE
c L2222 T2 YR ¥ ¥R 2REY
Cc (ZIITZITITITEIZL LY FRY ¥ R2S
RFAD(IN,102)
READ (INs99) (TALPHA(T)sI=1sN )slLLP
RFAD(IN»109) XLOWsXUPP,(IWAVE(TI)s1=1912)
WRITF(IOUT,110)
1003 FORMAT(1X912A691695X92F8,.4)
200 CONTINUF
PO 777 1=1sN
NUM(11=0
777 CONTINUF
KK=N=-1
WRITF(I0UT»106)
WRITE(IOUT,110)
WRITF(IOUT 102
WRITF(IOUT,106)
WRITF(IOUT$103) t1CHAN
NO 2 I=1,KK
IF{1.FQe1) GO TO 9
WRITF (6+105) TALPHA(T I oXLIM(T)YsXLIMI{T4+1)
GO 10 »
9 WRITF{IOUT»112) (IWAVF(K)sK=1, IZ’QTALPHA(I)QXLYM(I,QXLIM(I+1)
GO TO 2
? CONTINUE
WRITF(I0UT,108)
CALL LARFL1(NSTARTsNSTOPsNCRF)

INUM  COUNTS SCAN LINES

a¥a¥a!

INtIM=0
INTF=NSTOP-NSTART+1
NO R05 1=14NSKIP
NFLAG? =1
CALL GET1(DATAINSPS,0sNCHoNSCANOZLTNy IFRR,NFLAG2,NFLAG,NSTART,
INBTLGsMODEsNCRF s ITYPE yMSFC)

805 CONTINUE

806 CONTINUF
NFLAG1=0

5 CONTINUE
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ITN=N
NFLAGS =1
205 nNO 90 11=NSTART,NSTOP
TIN=TIN+1
CALL GET1(DATAsNSPS, OsNCHINSCANO, IN1y IFRRsNFLAG2 sNFLAGSNSTART,
INRTLGsMODFsNCRF s I TYPESMSFC)
GO TO(800,801,R00,8N00,801),1FRR
801 WRITF(IOUT,L100) NSraNO
GO TO 900
R00 CONTINUF
PO 601 T=2N
TF (DATACICHAN) oGT. XLIM(1)) GO TO 601
NUMCT=1)=NUM(T=1)+1
TARAY(IIN)=TALPHA(T~1)
GO TO 9n
601 CONTINUF
90 CONT INUF
NUMTOT=INUM*IDTF
TOTNUM=NUMTOT
TOTPFR=0,0
NO 888 1=1,s11
XXXNUM=NUM( 1)
PFRCFN(T)=(XXXNUM/TOTNUMY) * 00,0
TOTPFR=TOTPFR+PFRCENI(T)
38R CONTINUF
96 CONTINUF
INUM=TNUM+1
IF (IPRT .FQ., 0y GO TO 889
WRTTF(I0UTs104) NSCANO, (1ARAY(K)sK=15IDIF),LLP
8R9 CONTINUF
IF (1PLY ,FQ, 0) GO TO 890
CALL PLTBF1(TARAY s INDIFsNALK,INCXs INCY sNSTXsNSTYsNCRF,
INFLGPTNFLAGY)
890 (CONTINUF
IF (NSCANO .GF, NSCANS) GO TO 218
GO TO &
218 CONTINUE
NFLAG1=0
NFLGPT=0
NSCANO=0
NSTART=NSTOP +1
NSTOP=NSTOP+IDIF
IF (NSTOP ,GF, NSPS) NSTOP=NSPS
ITFRM=ITFRM-
REWIND IN1}
WRITF (10UT,110)
WRITF (T0UTs114)
PO 666 1=1411
WRTITFE (1OUT9115) T4NUM(T)sPFRCFEN(T)sTALPHA(T)
666 CONT INUF
WRITF (10UT»116) NUMTOT,TOTPER
IF(ITFRM,GT,0) GO TO 300
98 WRITF(I0UT,110)
99 FORMAT(75A1)
100 FORMAT(1614)
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101 FORMAT(12F6,.1)
10? FORMAT (80K
1 )
103 FORMAT(2X s8HCHANNFL 12+36X922HSYMBOL INTERVAL /)
104 FORMAT(SX'I#oIXolH*’IZOAl,Al)
105 FORMAT(50XsA198XsF6,193H - 2F6e1)
106 FORMAT(1X/)
108 FORMAT({10Xs115A1)
109 FORMAT(2F10,0512A1)
110 FORMATI(1IH1/)Y
111 FORMATI(2X +83CROPS C5=17+5-22+95-545-8» ALTITUDE 2000 FT,.
1 DATE RFCORNFD 6/30/66 /7)
112 FORMAT(2X +23HWAVE LFNGTH (MICRONS) 912A1+513X9A1+8X9sF6,1,
13H = +F6e1)
113 FORMAT(11Xs112A1)
114 FORMAT (20X ¢5HCLASS 97X s 13HSAMPLE NUMRFR s 6X s THPFRrENT 10X »
117HALPHA SYMROL /)
115 FORMAT f21X012910X9T6,12XQF7.2)15X9A1}
116 FORMAT (20XsSHTOTAL 8X916912X9F7,2)
117 FORMAT (314312F7,3)
999 CONTINUE
REWIND IN1
RFTURN
END

$IRFTCc PLOTTY

SURROUTINF LABFL1(NSTARTsNSTOP s INCRF )
DIMFENSION IOUT(120),JOUT(lZO),KOUT(120),LOUT(120)
NDIF=(NSTOP-NSTART+1)/INCRE
11=0
PO 1 T=NSTARTsNSTOP,INCRF
I1=114+1
10UT(11y=1/1000
JOUT(119=1/100-1/1000%10
KOUT(11)=1/10-1/100%10
LOUT(ITI)=I-1/710%10
IF (LOUT(11) JLE, O ) LOUT(11)=0

1 CONTINUF
WRITFE (64+10) (TOUT(1)s1=1sNNTF)
WRITF (6+10) (JOUT(1)s1=1sNDIF)
WRITF (6510) (KOUT(1)sI=1sNDTF)
WRITF (6510) (LOUT(1)s1=1sNDIF)

10 FORMAT (11X»12011)
RETURN
END

SIRFTC PLLTTY
SURROUT INF PLTRF1(1SYMyNN3NSQR, INCXs INCY sNSTXsNSTY s NCRE,
INFLAGINFLAG])
DIMENSION ISYM(1)sNRUFER(50)
IF (NFLAG «NF, 0) GO TO 10
NSQR=1024/1ABS({INCY+INCX)
10 CONTINUF
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1F (NFLAG1 oNF
CALL FRAMFV(0)
NCOUNT=0
INCRX=2NSTX
INCRY=NSTY
NFLAG1=1
IF (NFLAG +FQ. 0) GO TO 11
CALL APRNTV (INCXsINCYsNNoNBUFFRs INCRX s INCRY)
INCRY=INCRY+INCX
INCRX=INCRX+TARS(INCY)
n NFLAG=1
20 CONT INUF
NCOUNT=NCOUNT +9
DO 1 1=1,50
NRIFFR(T)=0
1 CONTINUE
1A=0
DO 2 I=14NN
IB=1A+6
1C=1R/6
10=IR-IC*¢
IF=1N*p
TA=TA+]
CALL FLDINBUFFR(TIC)sIFs6s Os1SYMIT)Y)
2 CONT INUF
CALL APRNTV(INCXsINCY sNNyNRUFFR s INCRX s TNCRY)
INCRY=INCRY+INCX
INCRX=INCRX+TABS(INCY)
IF (NCOUNT ,GF. NSQR) NFLAG1=0
RETURN
END

e« 0) GO TO 20

SIRFTC GFTNAI]

SURROUTINE GFT1(DATASNSPSsNSKIP4NCPWsNSCANO, IRWsTERR,NFLAGZ s

INFLAG)

INSTARTINRTLGsMODEsNCRES ITYPFsMSFC )

DIMENSION DATA(1)sNPAT(890)

NATA NFLAG/O/

IF (NFLAG «NFe, 0 ) 6O TO 12

NTFMP=NCPW* (NCRE=-1)

NSCANO=0

NL=36~-NBTLG

NBLNG=36/NBTLG

NFLAG=1

NSTMP=(NSPS+NSTART=-1 ) *NCPW+MSFC*19

NSCANS=NSTMP

NTMP «NSTMP /NBLNG

NSTMP=NSTMP/NBLNG*NRLNG

IF (NSTMP LT, NSCANS) NTMPaNTMP4+1

NSCANS=NTMP

IF (NSKIP 4EQe. 0) GO TO 402

DO 401 1=1sNSKIP

NSCANO=NSCANO+1

CALL SKRBIN (IRWs1,RD )
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401
40?7
12

13

50
. 51
1000

e
(o]

15

14

CONTINUF

CONTINUE

CONTINUE

IF (NFLAG2 .FQ, 0) GO TO 10

CONTINUE

Ma(NSTART‘l)*NCPW+MSFC*19

IF (MODE LEQ, 1) GO TO 50

CALL RFEDTPR (IRNQMODF’TFRRQNWQNSCANSQNDAT)
GO TO s3

CALL RENTPC (IRw,MODEoIFRR,Nw,NScANs.NDAT)
CONTINUE

FORMAT (1Xs16)

NNW=NW*g

NFLAG?2=0

NSCANO=NSCANO+1

CONTINUF

DO 14 NN=1sNCPW

IR =M+NBLNG

ID=1R/NBLNG

IF=IB=-NBLNG*ID

IBIT=NBTLG*]IF

M=M+ Y

IF (ITYPF ,FQ, 1) GO TO 15

NNDATA=0

CALL FLD(NDATA,NL9NBTLGOIB!T9NDAT(!D))
DATA(NN)Y=NDATA

GO TO 14

CONTINUE

DATAN=0,0

caLl FLD(DATANoNL’NHTLG’IBIT’NDAT(ID))
DATA(NNY=DATAN

CONTINUE

M=M+NTEMP

RFTURN

END

SORIGIN ALPHA »SYSUT2 sREW
SIRFTC MOD3

1060

1061 FORMAT (49X s30HJOINT PROBABILITY DISTRIBUTIO

SUBROUTINE JONTPB

NTMENSION NKNT(QOOO)oNP(4000.2)9NWK(D( 750) sNWKeL( 750

NDIMENSION DATA (1))

DIMENSION IRIN( 750)

DIMENSION ALPNUM(47) s ALPHA(120) s CORDX (3)
DIMENSION IMX(6)sIMY(6)

NAMELIST /INPUT3/ NCH:NSPSoNSCANS’NSKIPvNSTARTo
1M0DE’ITYPE’MSFCQNCRFQNOJP

DATA ASTRIK/1H#*/

DATA XMARK /1HX/

DATA BLANK/6H /
FORMAT (48X s 25SHDATA SWITCH HAS OCCURRED
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1062 FORMATI(1H1)
1063 FORMAT(44Xs11lH X=AX1S 1S 91696X911H Y=AXIS IS »16)
1040 FORMAT(1H »67H MAXIMUM PROBABILITY OF UNCOMMONALITY EXCEEDED- CONT
1INUE EXCUTION »16)
1064 FORMAT(1X 926HSYMBOL N/SYMBOL )
1065 FORMAT(11Xs121(1H¥ )/ 911X s 1H¥ 355X s5HPART 31194H OF 911453Xs1H%,/
19211X9121 (1H*Y)
IRT=11
NFLG2=0
LIMIT=4000
READ(5sINPUT3)
WRITF(6s INPUT2)
RFAD(551000) (ALPNUM(1)s1=14547)
1000 FORMATI(1Xs47A1)
RFWIND IRT
DO 80 NTIMF=1,NOJUP
NFLG=0
NH=1
NV=?
IF (NSKIP FQe 0) GO TO o
PO 8 I=14NSKIP
CALL SKRRIN(LTNy7sRD)Y

8 CONT INUE

9 CONTINUE
MIX=TMX(NTIME)
MIY=IMY(NTIME)

DO 10 I=1+4000
10 NKNT(I1)=)
WRITF (651062)
WRITF(651061)
WRTTF(651063) MIXsMTY
NCLS=1
DO 13 MRP=1sNSCANS
NFLAG? =1
DO 15 MPR=1,NSPS
IF (NFLG3 «GT, 0) GO TO 16
CALL GFT2(DATASNSPS,0sNCHINSCANOSLTN, IFRRsNFLAG2 sNSTART s
INRTLGIMONFsNCRF s TTYPF 3sMSF ()
NE=DATA(MIX)*SCALF4RTAS
NR=DATA(MIY)*SCALF+RTAS
IF (NC +LTs 1) NC=1
IF (NC +GT. 255) NC=255
IF (NR (LT, 1) NRzy
IF (NR ,GT. 255) NR=x25%
NP (1 sNH) =NC
NP (14NV)=NR
NFLG2=1
GO TO 15
16  CONTINUE
CALL GET2(DATAINSPS,0sNCHsNSCANOSLTNs [FRRyNFLAG2 sNSTART,
INBTLGsMODEsNCRE s ITYPE 4MSFC)
GO TO (996+99999984+996+999),1FRR
999 WRITF(6+1070) NSCANO
1070 FORMAT(33HFNN-OF=FILF ON INPUT AT ScAN NO, +16)
GO TO 998§
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! 998
1071

996

11

13
17
1020

25

19

WRITE(64+1071)
FORMAT(27THIRRECOVERABLE PARITY ERROR
GO TO 995

CONTINUE

NC=DATA(MIX)*SCALF+RBIAS
NR=DATA(MIY)%*SCALF4+RIAS

1F
I1F
IF
1F
Do
1F
1F

(NC LTe 1) Ne=y

(NC GT, 255) Nr=255

(NR +LTe 1) NR=9

(NR ,GT, 255) NR=255

11 I=1sNCLS

(NC +NEes NP(IsNHY) GO TO 11
(NR (NEo NP(T4NV)) GO TO 11

NKNT(1)=NKNT(1)+1

oan
AV A

TO 15

CONTINUE

IF

(NCLS o.GE. LIMITY) GO TO 15

NCLS=NCLS+1

NP (NCLS sNH ) =NC
NP (NCLSsNV) =NR
CONT INUE
CONTINUE
CONTINUF
FORMAT (1X9316)

FIND MINIMUM AND MAXIMUM IN ROW AND COLUMN DATA

MINC=NP (1 9NH)
MAXC=NP (1 sNH)
MINR=NP{1,NV)
MAXR=NP (1 sNV)

ne
IF
IF
IF
IF

2?25 I=1s NCLS

(NP(TsNH) o«GT4 MAXC) MAXC=NP({TsNH)
(NPOTsNV) GT, MAXR) MAXR=NP(1sNV)
(NP({TsNH) LT, MINC) MINC=NP(]sNH)
(NP(TsNV) LT, MINR) MINR=NP(]sNV)

CONTINUE

TEST FOR SPREAD
NDIFV=MAXR-MINR+1
NDTFH=MAXC-MINC+1

IF

(NDIFV +GE. NDIFH) GO TO 19

WRITF(6+1060)
WRITE(691063) MIYsMIX
NH=2

Nv=1

NTEMP=MAXC

MAXC=MAXR

MAXR=NTEMP

NTFMP=MINC

MINC=MINR

MINR=NTEMP
NTEMP=NDIFH
NND1FH=NDIFV
NDIFV2=NTEMP

CONTINUE
WRITF(6+1064)

ORDER ROW DATA IN NFCENDING ORDER

133



21

20

22

1050
23

14

18

40

1021

BUBBLE-UP
NSORT=NCLS

CONTINUE

DO 20 1=2sNSORT

IF (NP(T=1sNV) ,GE, NP(1,sNVy) GO TO »0
NTFMP1=NP (1-1sNV)
NTEMP2=NP (1=1 sNH)
NTEMP3=NKNT(1~-1)

NP (1-1sNV)I=NP({TsNV)
NP(T=1sNH)=NP (T1sNH)
NKNT(I1=1)=NKNT (1)}

NP (I 4sNV)=NTEMP

NP (1 4yNH)=NTFEMP>
NKNT(1)=NTEMP3

CONT INUF

NSORT=NSORT-1

IF (NSORT ,GT. 1) GO TO 21
CALCULATF TARLF

MAXKNT=0

DO 22 I=1sNCLS

IF (NKNT(1) +GT. MAXKNT) MAXKNT=NKNT (1)
NFACT=MAXKNT /45

XXX=FLOAT (MAXKNT ) /46,0
NFAC=0

IF (NFACT LT, 1) NFACT=1
WRITF(691050) RLANK4NFAC
NFAC=NFAC+NFACT

DO 23 1=1s46

WRITF(6+1050) ALPNUMI(T)sNFAC
FORMAT (3XsAK36Xs16)
NFAC=NFAC+NFACT

CONTINUF

GO 70 18

CONT INUE

WRITFEF(6+1040) LIMIT

GO TO 17

CONTINUE

PRINT DISTRIBUTION ON PAGF
SFT UP LOOP

ITFRM=1

IF (NDIFH .FQ. 120) GO TO 40
ITEFRM=NDIFH/120+1

CONTINUE

NST=1

NSO=NST+119

1F (NSO .GT. NDIFH) NSO=NDIFH
NO 50 LOOP=1,1TFRM
WRITF(6+1065) LOOP,ITERM
CORDX(1)=FLOAT(NST4HMINC-2)
CORDX{(2)=CORNX(1)460,0
CORDX(3)=CORDX(1)+110,0
FORMAT (1H1)

18=1

NO 60 I1=1+NDIFV

DO 66 1=1s120
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R 2=

ALPHA(T1)=RLANK
66 CONTINUE

C IF (NFLG .EQ, 1) GO TO 69
C PO 68 I=1sNDIFH
C IBRIN(T1Y=0
cés CONT INUE
c69 CONTINUE
IF (NPUIRsNV) ,NE. MAXR-TI41) GO TO 65
1A=0
DO 26 I=1BeNCLS
1F=1
IF (NP(T1sNV) NE, NP(IBsNV)) GO TO 31
T1A=TA+1
NWKCD(TA)Y=NP (1 +NH)
NWKCL(TA)Y=NKNT(T)
26 CONT INUE
31 CONTINUE
IR=1F
C ORDER X-AX1S
NSORT=1A
NUMCLX=1A
IF (TA JLFe 1) GO TO 10
?8 CONT INUE
DO 27 IC=29sNSORT
IF (NWKCD(IC-1) LF, NWKCD(IC)) GO TO 27
NTEMP1=NWKCD(I1C-1)
NTEMP2=NWKCL (1C~1)
NWKCD{IC~1)=NWKCND(TC)
NWKCLIC=1)=NWKCL(T1C)
NWKCH(TC)=NTEMP
NWKCL{IC)=NTFEMP>
27 CONTINUE
NSORT=NSORT-1
1F (NSORT +GE. 2) GO TO 28
1030 FORMAT(1Xs216)
30 CONTINUE
IF (NFLG +EQ., 1) GO TO 9]
IM=1
N0 90 I=1sNDIFH
IF (NWKCD(IM) NF. 1) GO TO 90
IBRIN(I)=NWKCL(IM)
IM=zIM+]
90 CONTINUE
c91 CONTINUE
NM1=NST+MINC-1
DO 67 IN=1sNUMCLX
TF (NWKCD(ID) LT, NM1) GO TO &7
IC=1ID
GO T0O 29
67 CONTINUE
29 CONTINUE
1A=0
DO 64 I1=NST,LNSO
IA=TA+1
IF (NWKCD(IC) oNF, MINC+I-1) GO TO 64

aNaFaNaNaNe!
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XX=FLOAT (NWKCL(TC)) /XXX
1CAR=XX4+(1,001~1,0/XXX)
ALPHA(TIA)=ALPNUM(1CAR)
IC=1C+1

64 CONTINUF

65 CONT INUE
IF (NFLG .EQ, 1) GO TO 70

C WRITF(IRT) (IBIN(I)s1=1sNDIFH)

70 CONT INUE
CORDY=FLOAT (MAXR=11+1)
YMARG=XMARK
IF (NDIFV=II .NF, (NDIFV-1~11/10%10)) YMARG=ASTRIK
WRITF(651008) CORPY,YMARGs (ALPHA(T)»T1=1+120)
1008 FORMAT(1X9FB8,192XsA15120A1)
60 CONT INUF
NST=NSO+1
NSO=NST+119
IF (NSO GT. NDIFH) NSO=NDIFH
WRITE(651010)
WRITF(651011) CORDX(1)sCORDX(2)sCORDX(3)
1011 FORMAT (6XsF10,4950X9F10,4s40XsF1044)
NFLG=1
WRITF(6+1067)
50 CONT INUF

REWIND LTN
C END FILE IRT
80 CONTINUE
C REWIND IRT

995 CONTINUF

1010 FORMAT (11X o120 ( 1OHXH®ERERKE®HK )
RFTURN
END

$IRFTC GFTNA?

SURROUTINE GET2(DATAINSPSINSKIP yNCPWsNSCANO s IRWs TERR4NFLAG?
INSTARTsNRTLGsMONE sNCRFSITYPFMSFEC )
NDTMFNSION DATA(1)sNDAT(890)

NDATA NFLAG/O/

IF (NFLAG «NFe 0 )y rO TO 12
NTEMP=NCPW* (NCRF=-1)

NSCANO=0

NL=36-=NBTLG

NBLNG=36/NBTLG

NFLAG=1

NSTMP = (NSPS+NSTART -1 ) *NCPW+MSFC*19
NSCANS=NSTMP

NTMP=NSTMP /NBLNG

NSTMP=NSTMP /NBLNG*NBLNG

IF (NSTMP LT, NSCANS) NTMP=NTMP+1
NSCANS=NTMP

IF (NSKIP .EQ, 0) GO TO 402

NO 401 I=1sNSKIP

NSCANO=NSCANO+1

CALL SKRBIN (IRWs1sRD )

136




401 CONTINUF
402 CONTINUF

12 CONTINUE
IF (NFLAG? ,EQ, 0) GO TO 10
13 CONT INUE
Mz (NSTART—1)%¥NCPW4+MSFC¥*19
IF (MODF LEQ. 1) GO TO SO
CALL REDTPR (IRWoMODE s IFRRINWINSCANSsNDAT)
GO TO 51
50 CALL REDTPC (IRWsMODE»TERRINWINSCANSSNDAT)
51 CONTINUE
1000 FORMAT (1Xs18)
NNW=NWw#*g
NFLAG?=0
NSCANO=NSCANO4+
10 CONTINUF
DO 14 NN=1sNCPW
IB=M+NBLNG
ID=IB/NBLNG
IF=1B=NBLNG*ID
IRIT=NBTLG*IF
MM+
1F (ITYPF .FQe 1) GO TO 15
NDATA=0
CALL FLD(NDATANLNBTLGIBITsNDAT(ID})
DATA(NN)=NDATA
GO T0 14
15 CONTINUE
DATAN=0.0
CALL FLD(DATANSNLINRTLGSIBITsNDATI(ID})
DATA(NN)Y=PATAN
14 CONTINUF
M=M+NTEMP
RETURN
END

SORIGIN ALPHA+SYSUT2 9REW
$IRFTC MOD4
SUBROUT INF ISOMET
DIMENSION NTA(256)sNTR(256)s DATA(256)sTIME(256)+DAT(12)
DIMENSION NTC(256)sNTD(256)
NAMELIST/INPUT4/ NCHsNSPSoNSKIP4NBTLGsMODE s IRWsNCHAN ,NSNCRE ,NPCRE 5
1ITYPESMSFC,
PNPTSLsNPTSU,
IMAXSCNs XMIN s XMAX s YMTN s YMAX s NBLSZX s NBLSZY s NSECT 4 NSMOVY
2 sNDIREC
RFAD (5+INPUT4)
WRITE(69INPUT4)
NUP=512/NBLSZY
NRLDIR=NRLSZX*NDIREC
NTIMFS=MAXSCN/NUP
CALL CAMRAV(9)
NRACK=1
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32
33

24

23

25

17
19

21

20
2?2

IF (NSKIP +EQs 0) GO TO 33
DO 32 I=14NSKIP

NFLAG2=1

CALL GET3(DATsNSPS40sNCHsNSCANO, IRW,IFRRyNFLAG2 3sNPTSL4NBTLG)

12 sNPCRES ITYPE sMSFC)

CONTINUE
CONT INUE
PO 18 MMRR=1
NP TSUU=NPTSU

sNSECT

XMIN=FLOAT(NPTSL)
XMAX=FLOAT (NPTSUU)

NDIFF=NPTSUU

~NPTSL+1

IF (NSMOV (NF, 0) NPTSUM=NDIFF —-NSMOV+1

NFLAG=0

NO 16 MPR=1,
IF (NDIRFC)
IXR=512-(512
IXL=0

GO TO 25
IXL=512-(51?
IXR=0
CONTINUE
1YR=81)
IYT=0

NTIMFS
23924924
/NRLSZX=NUP)y*NRLSZX

/NBLSZX~NUP)*NBLSZX

CALL FRAMEV(0)
DO 10 MRP=14NUP

NFLAG?=1
CALL GFT3(DA
1MONF oNPCRF s 1
IF (NFLAG oF
CONTINUF
CONTINUE
NFLAG=1
DATA(1)=DAT(
PO 1 1=2,NDI

CALL GFT3(DATsNSPS,0sNCHsINSCANO, TRW, IERRyNFLAG? sNPTSLoNRBTLG,

s NSNCRF

ToNSPS,09sNCHsNSCANO 3 IRW TEFRRyNFLAG2 sNPTSL4NBTLG

TYPFsMSFC)H
Q. 0) O TO 19

NCHAN)
FF

1IMONF sNPCRFES ITYPE ZMSFC)H
NDATA(TI=DAT(NCHAN)

CONTINUE

IF (NSMOV ,£Q, 0) GO TO 2?2

PO 20 1=1
T1A=1
I1R=1A+NSMOV-
TFMP=0,0

PO 21 11=1A+
TFMP=TEMP+DA
CONT INUF

sNPTSUM

1

IR
TA(IT)

TFMP=TEMP /FLOAT (NSMOV)

DATA(T)=TFMP
CONTINUF
CONTINUF
CALL SETMIV
CALL XScaLvVv
CALL YScaLV

(IXLsIXRoT1YBsIYT)
(XMINsXMAXsIXLyIXR)
(YMINsYMAXsTYRs1YT)
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DO 11 I=1sNDIFF
TIME(1)=FLOAT(NPTSL-141)

NTA(T)=NYV(DATA(T]))
NTB(I)=NXV(TIMF(1))
11 CONTINUE
PO 12 1=2sNDIFF
CALL LINEV (NTB(I-Y)sNTA(I-1)sNTBIT )sNTA(T] )
12 CONTINUF
IF (MRP ,LE. 1) GO TO 1%
NO 13 I=1sNDIFF
CALL LINEV (INTDUI)oNTCII)sNTRIT)sNTA(T))
13 CONTINUE
15 CONTINUE
NO 14 I1=1sNDIFF
NTD(T)=NTR(T)
NTC(T)=NTA(T)
14 CONTINUE
IXL=IXL+NBLDIR
IXR=1XR-NBLDIR
1YR=1YB-NBLSZY
IYT=IYT+NBLS2Y
10 CONTINUE
CALL BSRFCD(TIRWsNBACK sNOF )
16 CONTINUF
REWIND IRW
IF (NSKIP .EQe. O) GO TO 30
DO 31 I=1sNSKIP
NFLAG2=1
CALL GET3(DATsNSPSs0sNCHsNSCANO s IRWs IFRRyNFLAG2 sNPTSL4NBTLG,
1MONDE sNPCRESITYPFE JMSFC)
31 CONTINUE
30 CONTINUE
NPTSU=NPTSUU
NTEMP=NPTSL
NPTSL=NPTSU+1
NPTSUzNPTSU+(NPTSU-NTEMP ) +1
18 CONTINUE
RFTURN
END

$IBFTC GFTDNA3
SUBROUTINE GET3(DATAsNSPSsNSKIP,NCPW,NSCANO, IRW,1ERR,NFLAG2,
INSTART sNBTLGsMODE sNCRE s ITYPE sMSFC)
DIMENSION DATA(1)sNDAT(890)
DATA NFLAG/0/
IF (NFLAG «NFe 0 ) GO TO 12
NTEMP= (NCRE—-1)#NCPW
NSCANO=0
NL=36-NBTLG
NBLNG=36/NBTLG
NFLAG=1
NSTMP=(NSPS+NSTART~1) #NCPW+MSFC*19
NSCANS=NS TMP
NTMP=NSTMP /NBLNG
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NSTMP=NSTMP /NBLNG*NBLNG
IF (NSTMP LT, NSCANS) NTMP=NTMP+1

NSCANS=NTMP
1F (NSKIP .FQ, 0) GO TO 40?2
DO 401 I=1sNSKIP
NSCANO=NSCANO+1
CALL SKRRIN (IRWs1sRD )
401 CONTINUF
402 CONTINUE
12 CONTINUE
1F (NFLAG? LEQ, 0) GO TO 10
13 CONTINUF
M= (NSTART-1)*NCPW+MSFC*19
1F (MODF .FQe 1) GO TO 50
CALL RENDTPR (IRWsMONFsIERRINWINSCANSSNDAT)
GO TO 51
50 CALL REDTPC (TRWsMONF s IFRRyNWsNSCANSyNDAT)
51 CONTINUE
1000 FORMAT (1Xs16)
NNwW=NW¥*g
NFLAG?=0
NSCANO=NSCANO+1
10 CONTINUE
DO 14 NN=1sNCPW
IR=M+NBLNG
1D=1R/NBLNG
IF=1R-NBLNG¥*ID
IBIT=NBTLG*IF
MxM+ 9
IF (ITYPF FQ, 1) GO TO 15
NDATA=0
CALL FLD(NDATASNLINBTLGIBITsNDAT(ID))
DATA(NN)=NDATA
GO T0 14
15 CONT INUE
DATAN=0,0
CALL FLDINATANSNLINRTLGIBITSNDAT(IN))
DATA(NN)Y=DATAN
14 CONTINUF
M=M+NTEMP
RETURN
END

$SORIGIN ALPHA s SYSUT2 yREW
$IRFTC MODS
SURROUTINE CNTLIN
DIMENSION DAT(12)
COMMON /LAB /N13,NF3,NT3,2(2560)sKON(3400)sNT2sNF2,NT2,U(3400)
1V(3400)
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NAMELIST /INPUTS/ NCHsNSPS s IRWsNCHAN s NSNCRE sNPCRE 3 NPTSL s NPT SU
?NBTLGsMODE,
P2ITYPEWMSFCo
aNSK1IP,
IMAXSCNoNSECTs MSZXs MSZY, BLKsFHINC,ZMIN,ZMAX,LAR
READ (59 1NPUTS)
WRITE (69 INPUTS)
CALL OPEN (IRW»s1)
IXR=1024+0~BLK+,5
IXL=0
1YR=0
1YT=1136
NCRE=NPCRE
NBLLK=1024,0/BLK+,5
XNBLK= BLK
FNPTSL=NPTSL
FNPTSU=NPTSU
NUPa=MAXSCN/ ((MSZY=-1)%NSNCRE)
NSECT=NSPS/ MSZX
NDIF=(NPTSU-NPTSL+1)/NPCRE
NFLAG1=0
FDIF=NDIF
FRM= MSZY
CALL CAMRAV( 135)
NWDS=NCH#NSPS
CALL BUTTVI(1)
CALL SETMIV(IXLsIXRsIYRsIYT)
IF (NSKIP (EQ. O0) GO TO 25
DO 26 I=1sNSKIP
NFLAG2=1
CALL GETS(DATINSPS 50sNCHsNSCANOs IRW» TERRy,NFLAG2 »NPTSL ,
INBTLGsMODESNPCRE» ITYPEIMSFC)
26 CONTINUE
25 CONTINUE
C READ(IRW)
111=0
CALL FRAMEV(0)
DO 18 MMRR=]4NSECT
NPLTMPaNPTSL+]
NP TSUU=NPTSU
NPTSU=NPTSU~-NPCRE’
NFLAG=0
IMM=0
DO 16 MRPP=1,NyP
I11=1114
IF (111 oLE. NBLLK)GO TO 21}
CALL FRAMEV(0)
I11=1
IXR=1024,0-BLK+,5
IXL=0
21 CONTINUE
CALL YSCALVI(1.,0 sFDIF  SIYR,IYT)
CALL XSCALV(1,05FRM,IXLyIXR)
PO 10 MRP=1, MSZY
IF (NFLAG1 .NE, 1) GO TO 20
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DO 22 I1IM=14NDIF
IMM=IMM+1
IMI=IMI+1
Z({1TMMY=Z (IMT)
2?2 CONTINUF
NFLAG1=0
GO 70 10
20 CONTINUE
DO 17 MMRP=1,NSNCRF
NFLAG?=1
1001 FORMATI(1X916F4,1)
CALL GFTS(DATINSPS sCGsNCHINSCANO,TRW,IFRR¢NFLAG2 s NPTSL
INBTLGIMODESNPCRFESITYPFIsMSFC)H
IF (NFLAG +FQes 0y GO TO 19
17 CONT INUE
19 CONT INUF
NFLAG=1
IMM=TMM4
Z{IMM)Y=DAT(NCHAN)
NO 1 I1=NPLTMPJNPTSUUsNPCRF
TMM= 1 MM41
CALL GFT5(DATsNSPS  40sNCHsINSCANO, IRWSTERRyNFLAG2NPTSL,
INBTLGsMODFINPCRE S ITYPF I MSFC)
Z{IMM)=DAT(NCHAN)
1 CONTINUE
10 CONTINUE
1000 FORMAT (1Xs10F10,2)
CALL CONTOR(MSZY sNNTFsFHINC,LARSENPTSL S FNPTSUsFRMyZMIN,ZMAX)
IXL=FLOAT(IXL)+RLK+,5
IXR=FLOAT(IXR)=BLK+,5
CALL SFTMIV (IXLsIXRsI1YRe1IYT)H
IMM=0
IMI=(MSZY—-1)*NDIF
NFLAG1T=1
16 CONTINUF
C RFWIND IRW
C RFAD (IRW)
NP TSU=NPTSUU
NTEMP=NPTSL
NP TSL=NPTSU-NPCRE
NPTSU=NPTSU+(NPTSU~-NTEMP )-NPCRE
18 CONT INUF
STOP
FND
$IRFTC GFTNAS
SURROUTINF GFTS5(NDATAINSPSINSKIP ¢NrPWsNSCANO s T1RW TFRRGNFLAG2 y
INSTARTINRTLGsMONFE sNCRESITYPFsMSFC)
DIMENSION DATA(1)sNDAT( 890)
DATA NFLAG/O/
IF (NFLAG «NF, O ) GO T0 12
NTEMP = (NCRE~1)*NCPWw
NSCANO=0
NL=36~-NBRTLG
NRLNG=36/NBTLG
NFLAG=1
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401
40?2
12

50
51
1000

10

15

14

NSTMP=(NSPS+NSTART=1)#NCPW+MSFC#*19
NSCANS=NSTMP

NTMPaNSTMP /NBLNG
NSTMP=NSTMP/NBLNG*NRLNG

IF (NSTMP LT, NSCANS) NTMP=NTMP+4+1
NSCANS=NTMP

IF (NSKIP .EQe 0) GO TO 402

DO 401 1=1,NSKIP

NSCANO=NSCANO+1

CALL SKRBIN (IRWs14RD )

CONTINUE

CONTINUF

CONTINUE

IF (NFLAG2 .FQ, 0y GO TO 10

CONT INUE

M= (NSTART=1)*NCPW+MSFC*19

IF (MODE .FQ. 1) GO TO 50

CALL REDTPR (IRWsMODEsI1ERRsNWsNSCANSsNDAT)
G0 10 51

cALL RENTPC (IRWIMONE s IFRRyNWsNSCANSINNAT )
CONTINUFE

FORMAT (1Xs16)

NNW=NW#*g

NFLAG?=0

NSCANO=NSCANO+1

CONTINUE

DO 14 NN=1,NCPW

I1R=M+NRL NG

ID=IR/NBLNG

IF=1R=NBL NG*#1D

IBIT=NBTLG*IF

M=M+1

IF (1TYPF .FQ., 1) GO TO 15

NDATA=0

CALL FLD(NDATASNLSNRTLGYIRITSNDAT(INY)
DATA(NN)=NDATA

GO 10 14

CONTINUE

DATAN=20,0

CALL FLD(DATANSNLINRTLGIRITsNDAT(IN))
DATA(NN)Y=DATAN

CONTINUE

M=M+NTEMP

RFTURN

FND

$IRFTC CTOR

SURROUT INE CONTOR(L,MQFHINC9LAByFNPTSL'FNPTSUoFRMOZMIN.ZMAX)
NTMENSION I(S’oV1(11sV7(3)’P}(3$0P2(1),X(5)’Y(5)

NIMENSICN V3(13)

¢OMMON /LAR /N13cNF39NT392(2560)oKON(B&OO)oNIZ-NFZ.NTZ,U(3400).
1V(2400)

LOGICAL JCODF

IF (M.GT.O-AND.L.GT.O.AND.FHINC.GT.0.0.AND.LAB.GF.O) GO 1O 1
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1

1000

WRITF (63101) MyLyFHINC
RFETURN

N=2400

NC=(ZMAX=ZMIN) /ARS(FHINC)
FH=ZMIN

CONT INUF

NLAR=LAB-1

IF (LAR .FQ, O) NLAR=LAR+]
PO 15 ITH=19NC

NTo2=6

NF?2=8

NT?2=8

V(2)=FNPTSU

U(2)=FRM

V(a)=FNPTSL

Uts)=140

K=1

NLABR=NLAB+1

IF (NLAR (NF, LAR)Y G0 TO 51
K=o

NLAR=0

NO 10 I1L=2sL

NO 10-"IM=2M
1(3)=(TL-1)%*M+ 1M
1(2)=1(2)~-1
1(4a)=1(2)=M
Tt1Y=1(4)-1

1(5)=1(1)

X(1)=IM=

X(2)=1IM=1

X(2)=1M

X{a)=1M

X{8)=IM=1

Y(1)y=IL-1

Yto)r=1L

Y(2)=1L

Yta)=TL~-1

Y{(8)=IL-1

122=21(2)

121=1(1)

1Z3=1(13)

124=1(4)

1768=11(56)

FORMAT (1X92F104,24+18)
VI(1y=(X(1)+4X(4y)/2,0
VI(2)y={Y(134Y(2))/2,0
VI3 =(ZU1Z21)42(122)V42(123)42(124))/4 4,0
DO &4 J=1,44

12=1(J)

Vo2(1Y=X(J)

V21(2)=Y(J)
Vo(1)=21(12)

12=1(J+1%)
Va(1yaX(J+1)
Val(2y=Y{lJs1)
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1002

50

10
60

61

6R

4

61

64

Va(3)=21(12)

IF (V2(3) LFe 0,0 ,AND, V3(3)
NV7=V7(1)#.S

NV1=V1(1’¢05

IF (NV2 ,FQs NV3) GO TO 4
FORMAT(1Xs3F10,2)

caLL STRIKE(VIoVZ’V39FH9P19929IER)

IF (1ER NE., 2) GO 1O 4

IF (NF242 .LF. N) GO TO 59
WRITF (65100) FH,N

GO T0 60

NF2=NF2 42

UINF2=-11=P1(2)
VINF?2-13y=P1(1)
KON(INF2-11=0

UINF2)=P>(2)

VINF2)Y=P> (1)

KON (NF2) =1

CONTINUF

CONTINUE

IF (NI?2 .GFe NF2) GO TO 15
JCODF=4TRUF,

DO 61 J=NI2sNF>

JTEMP=J

DO 6Y JJ=244,?

IF (UGJ) LEQ, UlJJ)) GO TO g8
IF (VIJ) ,FQ, VI(JJyy GO TO 68
CONT INUF

NT2=NT24>

UINT>=11=U(NT2)
VINT?2=1)=VINT2)
KON(NT?=1)=0
UINT2)=U(NI2+1)
VINT2) =V (NID+1)

KON(NT?2Yy=1

N12=N12+>

GO TO 710

J=JTFMP

IF (KON(J)Y +FQ. 0) GO TO 6>
JI=Jd=-1

JMAX=J

GO 7O 62

JJI=J+1

JMAX=JJ

Vit1y=U(D)

VAR-A YA NS

V2 (1)=U(JJ)

Vo(2)y=V(JJ)
JDIF=UMAX=-NI>-1

DO 64 JSUB=1,JIDIF
INFX=IMAX=-JSUB+Y
KDFX=JMAX~-JSUB-1
UCINFEX)=U(KDFX)
VIJDEX)=VIKDEX)

NID>=2NI2+2 :

0s0) GO TO 4



1F (JCODF) GO TO 72
NT2=NT?2+)

UINT2Y=VD (1)
VINT2)y=V2 (2}
KON(NT?) =1
G0 TO 70
7° NT>=NT2+>
UINT2=1)=V1(1)
VINT?>=1)=V1 (D)
KON(NT?>-11=0
DINT2)=V2 (1)
VINT2Yy=VD2 (D)
KON(NT?)=1
790 1F (N12 «GEes NF2) GO TO 16
DO 71 J=NI2sNF?
JTFMP=J
TF (U(J) JNELUINT2Y,OR V(J)NF,VINT2Yy GO TO 71
JrONF=,FALSF,
GO TO 68
A CONT INUF
GO TO 40
16 CONTINUE
NCNT=0
Ji=6
NO 30 J=6sNT?
JJI=J
IF (KON({J) oFQ, 1Y GO TO 11
1F (NCNT .GT, 4) GO TO 213
PO 32 J1Jd=Jl,JJ
KON(J1J)=0
12 CONT INUE
32 NCNT=0
Ji=J
GO TO 30
21 NCNTaNCNT+1
20 CONTINUF
IF (K oNF, 2) GO TO 801
CALL LARFLI(FH)
801 CONTINUF
NO 800 J=6s+NT?
JuL =NXVU(J))
JvL=NYVIV(I))
JUR=NXV(U(J+1))
JVR=NYV(V(J+1)))
WRTITE (651003) JULsJVLsJURLJIVR
1003 FORMATI(1Xs4154)
1F (KON(J+1) oNF, 0) CcALL LINFV(JULsJVLJUR,HJVR)
800 CONTINUF
15 FH=FH+FHINC
100 FORMAT (45H WARNING IN SUBROUTINF CONTOR AT A HFIGHT OF
1F7e1
246HNUMRFR OF POTNTS FXCFEDFN ALLOWARLF NUMBFR OF
2189/
42YHFXECUTION CONTINUING /7))
101 FORMAT (28H FRROR 1N SUBROUTINF CONTOR /1115
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121H=NUMBFR OF GRID ROWS +/s111>

224H=NUMBRFR OF GRIDN cOLUMNS 4/sF11,.3,
3324=NISTANCF RFTWFFN CONTOUR LARFLS +/5711,
4294=FRFQUFNCY OF CONTOUR LARFLS /s
521HEXECUTTION TFRMINATED /7

RETURN

END

$IRFTC STRK

1000

SURROUTINF STRIKF(V1sV2yV3sFHIP1sP2,1FR)
NIMENSTION VI1(1)9sV2(119V3(11sP1(11sP2(1)9Q(343)
DO 6 1=143

PI(I)=0.O

P?(!)=0.0

Qer1s1)=VvI(])

Q(1s2)=VD2I(])

Q(1s2)=V2al(l)

FORMAT (1X9s3F10,5)

NO 7 1=1,3

11=1

NO 1 J=11+3

IF (Q(39711)-Q(39J)) 14192

DO 8 L=1+3

A=Q(L,II)

QtLsI11)=Q(L,I)

QiLsJ)=A

CONTINUF

CONTINUF

CONTINUF

1FR=0

IF(Q(393),LT,FH,OR, Q(3+1).G6T.FH) RFTURN

1F(o(3’1).EQ.FH.AND.Q‘B’Z).FQ.FH.AND.Q(3’3).EQ‘FH, RETURN

A=(FH=Q(2+191/7(Q(3,1)1-Q(353))
Pri1)=(Q(1911-Q(1521)%44Q(1,1)
PI(21=(Q(291)1-Q(2+s2)1¥A+Q(D41)
Pi(3)=FH B

TF (Q(231) JNF, FH) GO TO 3

1IF (Q(392) JNF, FH) GO TO 4
Pr(11=2Q(1+2)

Po2(21=2Q(242)

Po(2)=Q(2,42)

IFR=2

RFTURN

IF (Q(3+2) ..GT, FHY GO TO &
A=(FH=Q(352))/7(Q(342)1=-Q(3,57))
Po(11=(Q(192)-Q(12))%A4+Q(142)
P2(21=(Q(292)~-Q(252) ) *A4Q( 2,4 ?)
P2(2)=FH ‘

1FR=)

RFTURN

1FR=1

P>(1y=P1 (1)

P7(7)=P1(2)

P»>(3)=FH
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RFETURN
A=z{FH=-Q(251))/(Q(3241)-Q(3+2))
P2U11=(Q(1+1)-Q(152))1%A4Q(1,41)
Po2(2)1=(Q(291)1=Q(292)1)1%A+Q(241)
P2(2y=FH

1FR=>

RETURN

END

$IRFTC MARK

12

10
11

20

16

10

30

1R
17

SURROUTINF LARFL(H)

COMMON /LAR /NT134NF34NT3,2(2560)sKON(3400)sNT24NF2,NT2,U(34001.
1V (2400)

127=5§

11=12+1

NDIS=0,60

1S=11+1

1F (1144 .GT, NT2) GO TO 99

NO 10 [2=1SsNT?

1F (KON(12) .FQ, 0) GO TO 11
NTS=NTS+SART ((UCT2)1=U(12=1))*¥%24(V(12)=V(12-1))%%))
112=172-1

1F (D1S LT, 270,0) GO TO 12
IM=(T12+11)/?

INTF=(112-11)/?

IF (IDIF (LT, 2) GO TO 12

NO 20 J=15IDIF

TL=IM=1

TU=IM+J

NTS=SQART ((UCTU=UTL) ¥ ¥4 (V(TUI=V(IL))*¥*>)
IF (DIS .GT. 68,0) RO TO 16

CONTINUF '

GO TO 1?

1S=1L+1

NO 19 JJ=1Ss1U

KON{JJ)=0

RFALM=10,0F+10

IF (UCTUY-UCTIL)Y NF, 0,0) ReaALM=(V(TU)Y=V(TIL))y/Z(ULTUY-U(TLY)
ANGL=ATAN(RFALM)

526800+R

TF (UCTU) 6T, UCILYY GO TO 20

11=1U

Tu=1IL

IL=11
XP=(R¥U(TU)+S*¥U(TL))/NT1S+6.8*¥STIN(ANGL)
YP=(R*¥V(TU)4+S*V(TL))/DIS=6.8%COS(ANGL)
DO 1R JJ=145

ND=6~JJ

IF (ARS{H) LT, 10,0%%(JJ-1y) GO TO 17
CONT INUF

CONT INUF

IXP=XP

1YP=YP
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99

$0R1IG

CALL LABLVIHsIXPsIYPsNDs1+5)
GO TO 1

RFTURN

FND

IN ALPHA s SYSUT24RFW

$SIRFTC MODg

98

160

SUBROUTINE BWNDR3

NIMENSTON X(129256)5Y(12+256)sMCHAN(12) sNN(

1726R)
DIMENSION NWHICH(12)

256) 9KSYM (49 JSYM(

NAMFLYST/INPUT6/NSFANS’N$TARTQNSPSQNCHoNVARQNSYM’ISUMQNRTLGy
1MONF s 1TYPESMSFC 9NSKIP0NRLK’TNCXQINCYvNSTXONSTYvNCRF

NAMEL IST/NCHUSE/NWHTICH
EQUIVALENCE (NSCANJNSCANS)
EQUIVALENCE (NSTRT4NSTART)
EQUIVALENCE (NCOL,NSPS)
FQUIVALFENCE (NCHANJNCH)Y
ICARD=S

IPRINT =6

INTAPE=10

IOTAPEz]]
RFEFADIICARD s INPUTE)

WRITE (IPRINT,SINPUTg)
READUICARD +NCHUSE )
WRITE(IPRINT 4NCHUSF)
FORMAT(1XsT714)
FORMAT(1X»1211)

READ(TICARD5) (KSYM{T)s1=1sNSYM}

FORMAT(1X960A1)

NFLAG=0

AVF=1SUM

APOP=0.0

DXAVF=0,0

NYAVF=0,0

NZAVF=0,0

NSAV=NSCAN

IF (NSKIP .EQe. 0) GO TO 98
DO 97 1=1sNSKIP

CALL SKRBIN(INTAPE,1sNOP)
CONTINUF

CONT INUF

FORMAT(1H1)

FORMAT(5X 11111

11=}

KK=NSTRT-1
IF(IT.FQ.NSCAN) GO TO 510
11=114+1

NFLAG?=1
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KK=KK+]
IF(TI1NF,2) GO TO 290
NO 170 JJ=1,NCOL
CALL GFETE(X(19JJ)sNCOLsOsNCHANINSCANO, INTAPF o TFRROINFLAR2INSTRT,
INRTLGIMONESNCRFITYPEIJMSFC)
170 CONTINUE
290 CONTINUF
NFLAG? =1
NO 300 JJ=1,4NCOL
CALL GFTO(Y(19JJ)sNrOLsOsNCHANZNSCANO s INTAPF,TFRRyNFLAG2 4NSTRT,
INRTLGsMODFsNCRFs ITYPF sMSF(C)
300 CONTINUF
DO 380 JJ=2¢NCOL
1J=JJ=-1
XStIM=0,0
YStM=0,0
ZS5UM=0,0
NO 360 TCHAN=1,1SUM
TICHN=NWHICH(TICHAN)
XDTFF=Y(TICHN»JI)-Y(TICHNsTJ}
YDIFF=Y(TICHN»JJ)=X{TTCHN,»JJI)
XSUM=XSUM+XDIFF*XDIFF
YSUM=YSUM4YDIFF*YDIFF
ZSUM=ZSUM4+XDIFF*YDTFF
240 CONTINUF
XSUM=XSUM/AVF
YSUM=YSUM/AVF
ZSUM=ZSUM/AVF
APOP=APOP+1,0
AA=1,0/APOP
RB=1,0-AA
NDXAVF=RR¥NXAVF+AA¥YSUM
NYAVE=RR¥NYAVF4+AA*XSUM
NZAVF=RR¥NZAVF+AA®Z SUM
XSUM=SQRT (XSUM)
IF (XSUM LT, 53,4) GO TO 365
364 XSUM=53,0
YSUM=K3,0
GO TO 1346
165 CONTINUE
YSUM=SQRT (YSUM)
IF (YSUM LT, 83,4) GO TO 346
GO TO 1344
366K CONTINUF
CALL JINTPB(YSUMsXSUMINFLAGsOs0sKSYM(3)4NPOP,
PDXAVE sDYAVE,
2DN7 AVF,
1JJsNSCANS TToNCOL 3 JSYMyXsNSTRT 4NNy INCX)
NSCAN=NSAV
20 CONTINUF
PO 500 JJ=14NCOL
PO 490 TCHAN=z1,1SUM
TTCHN=NWHICH(TCHAN)
X(TTCHNYJJ)Y=Y(T1CHN,JJ)
490 CONTINUF
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00 CONTINUF

GO TO 160

510 CONTINUE
NFLAG=1
CALL JNTPB(YSUM,XSUMQNFLAG9090’K5YM(3)QNPOPQ
2DXAVFsDYAVE s
ANZAVF,
1JJON5CAN'I!QNCOLQJSYM’XoNSTRTQNNolNCX)
RFWIND IOTAPF
REWIND INTAPFE

C CALL CLEAN
RETURN
END

$IRFTC PLOTTS
SURROUTINF LARFLE(NSTARTINSTOP s INCRFE )
NIMENSION TOUT(120)
NNTF=(NSTOP-NSTART4+1)/INCRF
11=0
PO 1 1=NSTARTsNSTOP,INCRE
11=11+1
I0UT(II)Y=1/1000
] CONTINUE
WRTITF (6510) (TOUT(1)sT=1sNNTF)
I11=0
DO 2 1=NSTARTsNSTOP, INCRF
11=1141
1OUT(I1)=1/7100-1/1000%10
CONTINUF
WRTITF (6+10) (TOUT(1)s1=1sNNIF)
11=0
NO 3 I=NSTART,NSTOP,INCRF
11=1141
10UT(11)=1/10-1/100%10
E) CONTINUF
WRITF (6510) (TOUT(T1)s1=1sNDIF)
11=0
NO 4 T=NSTART,NSTOP,INCRE
11=1141
10UT(I1)=1-1710%10
IF (TOUT(TII) LF, O ) TOUT(T1)=0
4 CONTINUF
WRITF (6510) (TOUT(1)sI=1sNDIF)
10 FORMAT (11X+12011)
RFTURN
END

N

$12FTC GFTNAG
SURROUT INF GFT6(NATAINSPSsNSKTIP 4 NCPW,NSCANO, TRW, 1ERR NFLAG? ,
INSTARTsNRTLGsMODF sNCRE S ITYPF,MSEC )
DIMENSION DATA(1)sNNDAT( 890)
DATA NFLAG/0O/
1F (NFLAG «NF. 0 )y A0 TO 1?
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NSCANO=0
NTFMP=(NCRF—=1)%#NCPW
NL=2=NRTLG
NRLNG=36/NRBTLG
NFLAG=1
NSTMP=(NSPS+NSTART=1)*NCPW+MSFC*19
NSCANS=NSTMP
NTMP=NSTMP /NBLNG
NSTMP=NSTMP/NBLNG*NRLNG
1F (NSTMP LT, NSCANS) NTMP=NTMP41
NSCANS=NTMP
IF (NSKIP .FQ, 0) GO TO 40?
DO 401 1=1sNSKIP
NSCANO=NSCANO+1
CALL SKRBIN (IRWs14RD )
4017 CONTINUF
402  CONTINUF
12 CONTINUF
1F (NFLAG? .FQ, 0y O TO 10
13 CONTINUF
M= (NSTART~1)*NCPW+MSFC*19
1F (MODF LEQ. 1) GO TO 50
CALL REDTPR (IRWsMODFEsIERRNWsNSCANS,NDAT)
GO TO 51%
50 CALL RFNTPC (TRWsMONF 3 TFRRyNWINSCANSSNNAT)
51 CONTINUF
1000 FORMAT (1Xs16)
NNW=NW#*g
NFLAG?=0
NSCANO=NSCANO+1
1N CONTINUF
DO 14 NN=1 +sNCPW
1P =M4+NRLNG
1n=1R/NRLNG
IF=1R~NBLNG*ID
TRIT=NRTLGH*IF
M=M+1
IF (1TYPF FQe. 1) GO TO 15
NDATA=N
rALL FLNINDATASNLsNRTLGsIRITsNPAT(INY)
NATA(NN)=NDATA
GO TO 14
1% CONTINUF
NATAN=0,0
CALL FLD(DATANSNLINRTLGSIRITsNDAT(ID)Y)
NATA(NNY=DATAN
14 CONTINUE
M=M4+NTFMP
RFTURN
FND

$IRFTC JOINT

SURROUTINE JUNTPB(DATAHsDATAV s NFLAGsMIX,MIYsALPNUM,NPOP,
2DXAVF sDYAVF
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aNZ AVF,
lJJsNSCANoYSCANQNPOL’ISYMyNXvNSTRTyNNQINCXY)
DIMFNSION INCXY(1)

NIMENSION NP (54954

NDIMENSION DATA(12)

DIMENSION IBIN{?S58

NDIMENSION 1SYM(1),1QUIT(100)

NIMENSION NX(1)sNN(Y)

NIMENSION ALPNUM( 1) 9ALPHA(120)+CORDX(3)
DOUBLF PRECISION A(292)sFIGFN(2+2)
INTEGER ALPNUM,ALPHA +BLANK

DATA ASTRIK/1H*/

NDATA XMARK/1HX/

DATA BLANK/gH /
DATA NFLAG4/0/
1060 FORMAT (48X s25HNATA SWITCH HAS OCCURRFD )

1061 FORMAT(49Xs30HJOINT PRORARILITY NDISTRIRUTION
1062 FORMAT(1H1)
1063 FORMAT(44X911H X=AXTS 1S 916+6Xs11H Y~AXTS IS +216)
1066 FORMAT (30X06HDXAVF=’F15.796HDYAVp=9F15.7,6HDZAVF=9F15.7 )
1040 FORMAT(1H +67H MAXIMUM PRORABILITY OF UNCOMMONALITY EXCEEDEN- ~ONT
1INUE EXCUTION 22169
1064 FORMAT(1Xs26HSYMBOL N/SYMBOL )
1065 FORMAT(11X9121(1H*)s/911X91H*955Xs54PART 271941 OF 411,53Xs1H%,/
T911X9121(1H*Y)
1F (NFLAGSY ,GT, O0) O TO 80
NFLG2=0
1000 FORMAT(1X»47A1)
NFLG=0
Ni=>
IRW=1
NFLGFN=0
IRT=11
NO 1 1=1+54
N0 1 J=1+54
NP(1,J) =0
1 CONT INUE
REWIND IRT
RFWIND IRW
NFLAG4=1
/0 CONTINUF
IF (NFLAG.GT, 0y GO TO 13
NC=NATAV+1.5
NR=DATAH+1.5
IF (NC LTe 1) NC=1
IF (NR LT, 1) NR=}
NP (NRyNCY=NP (NR4NC)+1
1=84%(NC-1)+NR
IRIN(JJy=T
IF (JJ LTe NCOLY 0 TO 15
TRIN(1)=IBIN(?)
WRITFUIRW)(IRIN(TIT)sIT=1sNCOL)
15 CONTINUE
RFTURN
13 CONTINUE
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17

1067

116
120

2?2

CONT INUF

REWIND IRW

IN=?

IM=>

RHO=1,0/(10,0%%5)

A{19s1)=DXAVE

A(2+2)=NYAVF

A(192)=NZAVF

A(2s1)=NZAVF

caLL NJCORT (A9 TMyINS,TOPT sRHOSFRRyFIGFN)
WRTITF(691067) A(191)19A(182)sFTGFN(1s1)sFIRFN(152)
WRITF(691067) A(251)9A(292)9FIGFN(291)sFIGFN(242)
FORMATI(1Xs2F15,7910Xs2F15,7)
DXAVF=1,0/A(191)

NYAVF=1,0/A(D42)

AlLT91)=FTAFN(141)%¥NXAVF
A(192)Y=FIGFN(2s1)Y%¥NXAVF
A(291)=FIGEN(1+2)%DYAVF
A(292)=FIGFN(2+2)%¥NYAVF
DXAVF=FIGEN(191 ) %A {191 )+FTIGFN{192)%A(2s1)
DYAVF=ETIGFN(291)1%¥A(192)4+FTIGEN{2:2)%A(2+2)
NZAVFEF=FIGFN(L1 911 *¥A(192)4FIGFN{192)%A(292)4FIGFN(2s1)%A(151)
1+FTGFN(2 421 %A (D41)

WRTITF(6+1066) DXAVF4DYAVF oNZAVF

1=0

PO 130 NC=1+54

N0 130 NR=1s54

I=s1+1

IF (NP(NRsNC) ,EQ, 0) GO TO 130

XXX =NR¥NR

YYY=NC¥NC

227 =NR*NC

SUM=NXAVF¥*XXX+NDYAVE*YYY
1+N7AVF*2722

IF(SUM.GF.1,0)60 TO 115

NX(11=0

GO TO 130

NX(T1)==

CONT INUF

WRTITF (6+1082)

WRTTF (651081

WRTTF(6+1066) NXAVESNYAVFsNZAVF
WRITF(6+1064)

CALCULATF TABRLF

MAXKNT=0

DO 22 NC=1,51

NO 22 NR=1,51

Te (NP(NRsNC) (GT, MAXKNT) MAXKNT=NP(NRsNC)
CONTINUF

1F (MAXKNT LT, 46 ) MAXKNT=46
NFACT=MAXKNT 748

XXX=FLOAT (MAXKNT ) /46,0

NFAC=0

!F (NFA(T .LT. 1) NFACT"—‘1
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1050

73

1021

64

68
69

91

64

12008
65

1011

708

WRITF(6+1050) RLANK,NFAC
NFAC=NFAC+NFACT

DO 22 I1=14946

WRTITF(6+1050) ALPNUM(T)Y sNFaAC
FORMAT (3XsA696Xs1h)
NFAC=NFAC+NFACT

CONTINUFE

WRITF(6+106?)

PRINT NDISTRIRUTION ON PAGF
CORNX(11=0,0
CORDX(2)=CORNX(1)+40,0
FORNX(3)=CORDX(1)+110,0
FORMAT (1H1)

NDC 65 IEND=1,54

NC=5&8~1FND

DO 66 1=1+54

ALPHA(1)=RLANK

CONT INUF

IF (NFLG +EQs 1Y GO TO 69

DO 68 1=1+54

IRIN(I)=0

CONTINUE

CONTINUE

NO 64 NR=14+54
XX=FLOAT (NP (NR,NC})

IF (NFLG FQ, 1) GO TO 99
IRIN(NRY=NP(NRNC

CONTINUE
1CAR=XX4{1.001=1,0/7%XXX)

IF {ICAR 4GT, 46 ) 1CAR=46
ALPHA(NR)Y=ALPNUM( 1 AR)
CONTINUF

CORNDY=FLOAT(NC)

YMARG=XMARK

IF (NC JNE., 54-1FNN/10%10) YMARG=ASTRIK
WRTTF(6+1008) CORDYsYMARGs (ALPHA{(T)sT=1954)
FORMAT(1XsFB8,1s2XsA19120A1)
CONTINUF

WRITF(6+1010)

WRTITF{651011) FORNX(1)sCORNX(2)scORNX(2)
FORMAT (6X9F10,4450X9F10,4+40XsF10,4)
NFLG=1

WRITF(6+1062)

NSUBR=1

LOW=NSTRT

CONTINUE

NHT=LOW+120-
NUPPFR=LWFR+120-1

IF (NUPPFR .GT, NCOL) NUPPER=NCOL
WRITF(69106))

CALL LARFLO6(LOWsNHT»1)

PO 131 11=N1sNSCAN

RFAD(IRW) (IRIN(JJ) 4JJ=1sNCOL)
PO 125 JJ=1,NCOL
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1CHFCK=TIRIN(JJ)
JOHFCK=NXA{TCHFCK)

1F (JCHFCK oNF, 0y GO TO 117

1SYM(JJ)=ALPNUM(NSUUB-1)

NN(JJ)=0

GO TO 135
117 1SYM(JJ)=ALPNUM(NSUR)

NN(JJ)==1
125 CONTINUF

IF (NFLGFN JNF, 0y GO TO 136

WRITF(IRT)Y (NN(JJ)sJJ=7sNCOL)

CALL PLTRFO(ISYMyNrOL JNRLK s INCXY (1) s INCXY(2)sINCXY(3)

TINCXY (4) s NCRF)
136 CONTINUE

WRITE(631036) T1s(TSYM(JJ) 4JI=LWFR4NUPPER)
1036 FORMAT(5X916+120A1)
1035 FORMAT(1Xs16)
131 CONTINUF

NFLGFN=1

REWIND IRW

LWFR=NUPPER+]

LOW=NHI+1

IF  (NUPPER L.LT. NCOL) GO TO 708
995 CONTINUF
1010 FORMAT (11X 120 10RXHREXRERER )

NFLGFN=0

RE TURN

END

$IRFTC PLLTS

SURROUTINE PLTBF6(1SYMyNNSNSQR, INCX s INCY SNSTXsNSTYNCRF)
DIMENSION ISYM(1)sNRUFFR(50)
NATA NFLAG/O/
DATA NFLAG1/0/
IF (NFLAG oNF., 0) GO TO 10
CALL CAMRAV(35)
CALL BUTTVI(1)

10 CONTINUF
1F (NFLAG1 .NF, 0y ~O TO 20
CALL FRAMEV(0)
NCOUNT=0
INCRX=NSTX
INCRY=NSTY
NFLAG1=1
IF (NFLAG +£Q., 0) GO TO 11
CALL APRNTV (INCX s INCYsNNsNBUFER s INCRXs INCRY)
INCRY=INCRY+INCX
INCRX=INCRX+1ARS(INrY)
NCOUNT=NCOUNT+1

11 NFLAG=1

20 CONTINUE
NCOUNT=NCOUNT+1
PO 1 1=1+50
NRUFFR(1)=0
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~N

CONTINUE
1A=0

DO 2 I=1sNN

IB=1A+6

1C=1B/6

ID=IR-IC¥*g

IE=ID%*g

TA=1A+1

CALL FLD(NBUFFR(TIC)s1Fs6s OsISYM(T))
CONT INUE

CALL APRNTV(INCXs INCYsNN,NRUFFR, INCRX y INCRY )
INCRY=INCRY+INCX
INCRX=INCRX+TABS{INCY)

IF (INCRX oGFe 1023) NFLAG1=0

RETURN

END

$ORIGIN ALPHAsSYSUT2RFW
$IBFTC MOD7Y

1006

SURROUT INE CLASFY

COMMON /LAB1/XBAR(42+12)sSTGMA(42512)4ROT(42,12,12)

COMMON /LABZ/X(IZ),ALPHA(49).NsPs,NSCANs,NCHAN,LT9.LT1n.L711.Lrlz,
ILT13sLTI o IXXXIYYY,
INSTART4NSTOP,
INRTLGsMODEs ITYPEsMSECs T4 sNCRFE »
INSKIPSINCX s INCYSNSTX 4NSTY

NAMELIST/INPUT7/NPASSsNCLUST

NAMELIST/INPUTA/NSPSyNSCANS o NCH LT1,LT95LT10sLT114LT1I2,LT13,
INSTARTvNSTopsNBTLG’MODEvITYPE¢MSFC»IhoNCRE,NsKIP,INCX,INcy,NSTX,
PNSTY S IXXXs1YYY

FQUIVALENCE (NCHsNrHANY

READ IS INPUTT)Y

RFAD (5 INPUTA)

WRITF(6sINPUTA)

READ(591006) (ALPHA(T)s1=1+48)

FORMAT(1X+60A1)

KOUNT=NCLUST

NSCANS=NSCANS-1

INTTCL=NCLUST+1

DO 1 I=14NPASS

CALL TRUCK(NCLUSTsNPASS )

CALL SEQMRG (NCLUST,KOUNTsINITCL )

CALL CLASS (KOUNT , 1, NPASS )

NCLUST=KOUNT

INITCL=KOUNT+1

CONTINUE

RE TURN

END

157



$I1BFTC GFTNHAY
SURROUTINE GETT7(DATAsSNSPSsNSKIP 4NCPW,NSCANO,IRW,IERRGNFLAG?,
INSTARTINBTLGsMONDE sNCRES ITYPFsMSFC )
NIMFNSION DATA(1)sNNAT( 890)
DATA NFLAG/O/
IF (NFLAG NF, O )y -0 TO 12
NSCANO=0
NTEMP=NCPW* (NCRE=-1)
NL=36=-NBTLG
NBLNG=36/NBTLG
NFLAG=1
NSTMP={NSPS+NSTART-1)*NCPW+MSFC*19
NSCANS=NSTMP
NTMP =NSTMP /NBLNG
NSTMP=NSTMP/NBLNG*NRLNG
IF (NSTMP LT, NSCANS) NTMP=NTMP+}
NSCANS=NTMP
PO 401 1=14NSKIP
NSCANO=NSCANO+1
CALL SKRRIN (1RWs1,RD
401 CONTINUF
402 CONTINUF
12 CONT INUF
IF (NFLAG2 .FQ, 0) 6O TO 10
13 CONT INUE
M= (NSTART=1)*NCPW+MSFC*19
IF (MODE .fFQ, 1) GO TO 50
CALL RENTPR (IRWsMODFsTFRRsNWsNSCANSSNDAT)
GO TO s
50 CALL RENTPC (TRWsMODFsTFRRyNWINSCANS4NDAT)
51 CONTINUE
1000 FORMAT (1Xs16)
NNW=NW¥*4
NFLAG? =0
NSCANO=NSCANO+1
10 CONTINUF
NO 14 NN=1sNCPW
IR=M+NBLNG
I1D=1R/NBLNG
IF=IR-NBLNG*ID
IRIT=NBTLG*IF
Mz=M+1
IF (ITYPF .FQ, 1) GO TO 1%
NNATA=0
CALL FLD(NDATASNLINRTLGsIBITsNDAT(ID))
DATA(NN)Y=NDATA
GO TO 14
15 CONT INUF
DATAN=0,0
CALL FLND(DATANSNLINRTLGsIBITsNDAT(IN))
DATA(NN)=DATAN
14 CONTINUF
M=M+NTEMP
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RETURN
END

SIRFTF PLOTTY
SURROUTINF LARFL7? (NSTARTINSTOP,INCRF )
PIMENSION 10UT(120)
NNTF=(NSTOP-NSTART4+1)/INCRF
1120
PO 1 1=NSTARTsNSTOP, INCRFE
11=11+1
IOUT(TI11=1/71000
1 CONTINUE
WRITF (6+10) (TOUT(1)s1=1sNDIF)
1120
NO 2 I=NSTARTsNSTOP, INCRE
11=11+41
1OUT(11Y=1/100-~1/1000%10
2 CONT INUE
WRITF (6910) (1OUT(T)s1=1sNDIF)
11=0
NC 3 T=NSTART4NSTOP,INCRE
11=11+1
10UT(11Y=1/10-1/100%#10
3 CONTINUE
WRITF (6+10) (TOUT(I)sI=1sNDIF)
11=0
DO 4 I=NSTARTJNSTOP, INCRE
I1=11+1
fOUT(IT)=1-1/10%10
IF (I0OUT(11) +LE. O )y 10UTIT11)=0
4 CONT INUE
WRITFE (6+10) (1OUT(1)sI1=1sNDTF)
10 FORMAT (11X+12011)
RETURN
END

$SIRFYC PLLTTY

SURROUT INF PLTRFT7(1SYMyNN,NSQR 4 INCX s INCY sNSTX s NSTY 4NCRF,
INFLAGsNFLAG1)

DIMENSION ISYM(1)sNBUFFR(50)
DATA NFLG/0/

IF (NFLG .NF, 0) GO TO 10
NFLG=1

CALL CAMRAV(135)

CALL RUTTVI(1)

NSQR=1024/1ABS (INCY+INCX)

10 CONTINUE

IF (NFLAG1 .NE. O0) GO TO 20
CALL FRAMEV(0)

NCOUNT=0

INCRX=NSTX

INCRY=NSTY

NFLAG1=1
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IF (NFLAG «FQe 0) GO TO 11
CALL APRNTV (INCXsINCYsNNsNBUFERs INCRX s INCRY)
INCRY=INCRY+INCX
INCRXsINCRX+TABS(INCY)
NCOUNT=NCOUNT+
11 NFLAG=1
20 CONT INUF
NCOUNT=NCOUNT+1
PO 1 1=1+50
NRUFER(1)=0
1 CONTINUE
IA=0
DO 2 1=1+NN,yNCRE
IR=TA+6
1c=1R/6
ID=IR-IC*§
IE=1N*§
TA=1A+]
CALL FLNDINRUFFRI(TIC)»TIFsb6s Os1SYM(T))
? CONT INUF
CALL APRNTV(INCX s INCY NN NRUFFRyINCRX , INCRY)
INCRY=INCRY+INCX
INCRX=INCRX4+TARS(INFY)
IF (INCRX oGFe. 1024) NFLAG1=0

RFTURN
END
$ORIGIN BRAVO4SYSUT2 4REW
SIRFTC MOD7A
SURROUTINF TRUCK(NceNToNPASS )

DIMENSION NNACC({1247256)sMTAR{11)9IPRT(256)91PLOT(256)

NDIMENSION NTRL (400)

COMMON /LAR1/XRAR(42+12)9SIGMA(424512)sROT(42512,12)

COMMON /LAB2/X(12)sNSYM(49) 4NSPSyNSCANSsNCHANSLTOsLT10,LT114L T2,

TLT139sLTYI s IXXXTIYYY,

INSTARTsNSTOP,

INRTLGIMONFE s ITYPFWMSFC 14 9NCRF,

INSKIPSINCX s INCYSNSTX oNSTY

NFLGXX=0

NFLAGX=0

RFWIND LT11

RFWIND LT1

NFLAG1=0

MFTN=0

IXTY=IXXX*IYYY

PO 10 T=1s1YYY

MTAR(T1)=T
10 CONTINUF

DO 50 I=1400

NTRBL(I)=1
50 CONTINUF

DO 11 I=1s1YYY

REANDILTI1) (NNACC(T4JJ)ysJJ=1sNSPS)

MFIN=MFIN+1]
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11

200

106
107

100
101

104
102

105

108

102
110

CONTINUF
NUP=NSPS-1XXX+1
NCNT=NCCNT+)
NFLAG=0

CONTINUE
111=MTABI(1)

PO 110 JJ=14NSPS
1F (JJ «GTe NUPY) GO TO 10?2
1J=JJ
J1=JdJ+IXXX~-1
NZERO=0

IKNT=0

ISUM=0
J1J=MTAR(1)
NTFMP= NCCNT+)

DO 101 1=1JsJI

PO 100 J1Jd=1,1YYY
11J=MTAB(JIJ)

IF (NNACC(IIJsI) oLFe NCCNT .AND. NNACC(IIJs1) LNE,

IF (NNACC(I1Js1)) 10241079106

IF (NNACC(TITIJs1) o6Te NTFMP) NTFMP=NNACC(TITJs])
GO TO 100

NZFRO=NZFRO+]

CONTINUE

CONTINUE

IF (NZERC  NE. IXIY) GO TO 105

DO 103 I=1JsJ1

DO 104 J1J=1,1YYY

NNACC(J1Js1)=NCNT

CONTINUE

CONTINUF

NCNT=NCNT+1

IF (NCNT .GT. 400y <O TO 999
GO 70 110
CONTINUE
DO 108 I=1J,JI
DO 108 JIJ=1s.1YYY

IF (NNACC(JTIJsI) oFQe O) NNACC(JIJs1)=NTFMP
CONTINUF
GO TO 110
CONTINUE

CONTINUE

DO 111 JJ=1sNSPS

IF (JJ (EQe NSPS ) GO TO 111

IF (NNACC(IITsJJ) ,LE. NCCNT) GO TO 111

IF (NNACC(TITT9JJ4+1) LLF, NCONT) GO TO 111
IF (NNACC(ITTsJJ) ,LF, 0) GO TO 111

IF (NNACCUITTIsJJU+1) oLF, 0) GO TO 111

IF (NNACC(IIT»JJ) 4EQe NNACC(IIT»JJ+1)) GO TO 111
1J=NNACC(ITT1+JJ)

JI=NNACC(111,JU4+1)

IF (JT «GTe 400 ,OR, 1J ,GT, 400) GO TO 111
1F (NTRBL(JI) GV, NTRL(1J)) GO TO 125
NTRL(TJ)=NTBL(JT)
GO TO 111
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125 CONTINUE
NTRL (JI)y=NTBLI{T1J)
111 CONTINUE
1007 FORMAT (1Xs16)
WRITF(LTY) (NNACC(TT11sJJ)sJJ=19NSPS)
IF (MFIN GF. NSCANS) GO TO 999
IYT=MTAR(1)
READ(LTI1) (NNACC(UTIYI9JJ)sJJI=1sNSPS)
MFIN=zMFIN+]
NTFMP=MTAB(1)
1YY=1YYY~-]
DO 121 I=1s1YY
MTAB(1)=MTAB(T1+1)
1271 CONTINUE
MTAR(TIYYY)=NTFMP
GO TO 200
999 CONTINUE
PO 122 1=2s1YYY
111=MTAB (1)
DO 112 JJ=14NSPS
IF (JJ FQe NSPS )y 6O 70 112
IF (NNACC(IT1sJJ) L LFe NCCNT) GO TO 112
IF (NNACC(IT19JJ+1) oLEes NCCNT) GO TO 112
IF (NNACC(IIT9JJ) o LFe O) GO TO 112
IF (NNACC{II11sJJ+1) oLEs O) GO TO 112
IF (NNACC(IITI9JJ) oFQe NNACC(IIIsJJU+1)) GO TO 112
IJ=NNACC(111,4JU)
JI1=NNACC(ITT,,JJ+1)
IF (JI .GT. 400 ,OR, 1J .GT, 400) GO TO 112
IF (NTRL(JT)Y «GT, NTRL(1J)Y GO TO 126
NTRL(T1J)y=NTBL(JT)
GO TO0 11?2
126 CONTINUE
NTRL(JI)=NTaLI(1J)
112 CONTINUE
WRITF(LTY) (NNACC(TITIosJJ)sJJ=19NSPS)
172? CONTINUE
FND FILF LT
RFWIND LT
RFWIND LT11
REWIND LT12
WRITF(6+1007) (NTRL(1)s1=15400)
PO 113 1=1,400
IF (NTBL(1) FQe 1) GO TO 1113
Ji=14+1
IF (NTBLIJT) NFe 1) GO TO 114
NTRL(JI)=NTBL (1)
114 CONTINUE
1132 CONTINUF
I1=1]
NTFMP=11
DO 116 1224400
IF (NTRLIT)Y-NTRL(I=1)) 11791189119
119 IF (NTRLII) (NF, 1) GO TO 117
NTRL(I-1)=NTFMP
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I11=11+1
NTEMP=I1
GO T0 116
118 NTBL(I-1)=NTEMP
GO TO 116
117 N=NTRL(1I)
NTRL(I-1)=NTFMP
NTFMP=NTRL (N}
116 CONTINUF
NTRL (400)=NTEMP
WRITF(6+1007) (NTBL(I)s1=21+400)
LWFR=1
LOW=aNSTART
708 CONTINUE
NUPPFR=LWFR+120-1
NHI=LOW+170-1
IF (NUPPFER ,GT, NSPS ) NUPPFER=NSPS
INDIF=NUPPER~LWER+1
WRITF(6+1005)
1005 FORMAT(1H1)
CALL LABFL7(LOWsNHIL1)
DO 710 11=1sNSCANS
READ(LTYI)Y (NNACC({14JJ)YeJJ=19NSPS)
DO 115 JJ=1,NSPS
I1B=NNACC(19+JJ)
I (1 (LEe. Oy GO TO 118
NNACC(1sJJ)=NTBL(IR)
115 CONTINUE
IF (NFLGXX «GT, 0) GO TC 127
WRITFILT12) (NNACC(19JJ)eJJ=19NSPS)
127 CONTINUE
J1=0
DO 711 JJ=LWERJNUPPFR
Ji=Jd1+1
N=NNACC(19JJ)Y—(NNACC(19JJ)-1)/45%4542
IPRT{JJ)y=NSYM(N)
IPLOT(JI)=NSYM(N)
711 CONTINUF
WRTITF(691003) 11 (IPRT(JJ) e JJ=LWFRINUPPFR)
CALL PLTRF7(IPLOT»INTEsNBLK s INCXs INCY SNSTXsNSTY,
INCRESNFLAGXsNFLAGL)
1003 FORMAT(4X9s169s1H*4120A1)
710 CONTINUE
REWIND LT1
NFLAGX=0
NFLGXX=1
NFLAG1=0
LWFR=NUPPER+
LOW=NHI+1
1F (NUPPFR LT, NSPS y GO TO 705
570 CONTINUE
NCCNT=NCNT-1
END FILE LTY?
REWIND LT1?
RFWIND LT
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IXXX=IXXX~4
IYYY=IYYY~=4

LT11=13
RETURN
END

$ORIGIN . RRAVOsSYSUT2 sRFW
$IRFTC MOD78
SURROUTINF SFQMRG(NCLUSTsKOUNTsINITCL )
COMMON /LAB1/XBAR(42+12)sSTGMA(42512)sROT(425124512)
¢ OMMON /LABZ/X(IZ)oALPHA(49)’NSPS,NSCANSoNCHANoLT9,LT109LT11;LTIPf
1LT13sLT1sIXXX9IYYY,
INSTARTSNSTOP,
INBTLGSMODEsTTYPE sMSFCs149NCRE
INSKIPs INCX s INCYsNSTXsNSTY
DOUBLE PRECISION A(12s12)9EIGEN(12+12)
DIMENSION MERGFE (150) sMPOP (150) s NEXFC(20)sC(42578)5B(12,12)
DIMENSION COMI(24)
FQUIVALENCE(COM(1)sNSPS)
1000 FORMAT(1Xs16512F10,42)
1001 FORMAT (1Xs4HXRAR )
1002 FORMAT(1Xs16HNIN NOT CONVERG )
1003 FORMAT(1Xs THICLUST= 5169 14HMFRGFITICLUSTI=  »16)
1004 FORMAT (1XsS5HRHO= sFE154795HERR= sE15.7)
1005 FORMAT (1Xs12F10,4)
1006 FORMAT(1X»1216)
1007 FORMAT (1X9+23HMERGING WILL TAKE PLACF )
1008 FORMAT(1H )
1009 FORMAT (13H cOV. MATRIX )
1010 FORMAT (17?H NORM FIGFN )
1011 FORMAT (18H PeAs COV,s MATRIX )
1012 FORMAT(1H s6HASUM= ,E15,7s7HCLUSTERsT4)
1013 FORMAT(1Xs28HXBAR(T9J)9J=1+12)91=1sKOUNT )
1014 FORMAT (1X»29HSTGMA(TsJ)sJ=1512)91=1,KOUNT )
1015 FORMAT(IX,SSHROT(I.!CHAN.JCHAN),JCHAN=1’12)oICHAN=1¢12)’I=19KOUNT
B )
1016 FORMAT (1Xs165(12F10,43))
1017 FORMAT(1H1)
NFLG=0
C2ZFCH=FLOAT(NCHAN)=2,0
IF (CZECH oLEe 040) CZECH=1,0
REWIND LT10
REWIND LT12
RHO=1,0/(10,0%%5)
IF (NSKIP FQe. 0) GO TO 6
DO 7 1=1sNSKIP
CALL SKRRIN(LT10414NOP)
7 CONTINUE
6 CONT INUF
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500

15

20

DO 5 ICLUST=1sNCLUST

MERGF ( ICLUST)=1CLUST

CONTINUE

IM=NCHAN

WRITF(6+101T)

INsIM

10PT=1 :

nO 10 ICLUST=INITCLsNCLUST

IF (NFLG «GTe 0) GO TO 11

1F (KOUNT .GFe 42 ) GO TO 11

KOUNT=KOUNT+1

IFLAG=KOUNT

CALL FETCOR(IFLAGS Co MPOP sNFLGs INITCL
WRITF(6+1001)

WRITE(691000) IFLAGs (XBAR(IFLAGs11s1=1+12)
MI=x]

MJ=1?

MK=1?

DO 500 MM=1,12

WRITFE(6+1000) IFLAGs (C{IFLAGsMR) sMR=MT,MJ)
MI =MJ+1

MJ=MJ+MK=-MM

CONTINUE

CALL AMTRX (IFLAGsXRARsCsAsNCHAN)
WRITE(6+1008) '

WRITE(6+1009)

WRiTF(6+1005) (CA(MToMI) oMzl 91Z2)oMI=1017)
CALL DJCOR1 (A’IMQ!NQIOPT’RH09ERR’EIGEN)
WRITE(6+1004) RHOSFRR

WR1TF(6+1005) ((A(MTeMJ) eMU=1912)9M1=1+12)
WRITE(6+1008)

WRITF(6+1005) ((EIGFN(MIsMJ)sMI=1+12)sMI=1512)
1IF (ERR LEQ, 0,0) GO 7O 15
MFRGE(ICLUST =0

KOUNT=KOUNT=-1

WRITFE(6+1002)

GO TO 10

CONTINUE

CALL ROTA (IFLAGYROTsFIGENsNCHAN»A» SIGMA)
MERGE (1CLUST)=KOUNT

WRITE(6+1003) TCLUSTsMFRGE (1CLUST)

MPOP (KOUNT ) =MPOP ( ICLUST)

MCLUST=KOUNT-1

DO 20 ICHFCK=1,20

NFXEC(ICHFCK)=0

CONT INUE

MCHECK=1

DO 25 JCLUST=1sNCLUST

IF (MFRGE (JCLUST) LT MCHECK)GO TO 25
MCHECK=MCHECK+1

1F (MFRGF (JCLUST) LFQ, KOUNT) GO TO 26
JELAG=MFRGE (JCLUST)

DO 30 ICHAN=1sNCHAN

X ( ICHAN) =XBAR( JFLAG s ICHAN)=XBAR (KOUNT s ICHAN)
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30 CONT INUE
IFLAG=KOUNT

CALL KCHFCK(IFLAGY ROTsX»STGMA s ASUMyNCHAN)
WRTITF(6,1008)
WRITF(6+1012)ASUMsJFLAG
IF (ASUM GT. CZFCH)Y GO TO 25
IFLAG=JFLAG
CALL KCHECK(IFLAGS» ROTsX9»SIGMA s ASUMSNCHAN)
WRITE(6+,1008)
WRITE(6+1012)ASUMsJFLAG
IF (ASUM ,GT, CZFCH) GO TO 25
NEXFC(1Yy=NEXFC (1) 41
NSUR=NFXFC(1)+4]
NEXFCINSUB ) =JFLAG
25 CONT INUE
26 IF (NEXEC(1) +FQe 0) GO TO 10
DO 501 KK=1,NSUB
WRITE(6+1006) KKoNEXEC(KK)
501 CONTINUF
MSUR=NEXFC (141
TOTAL=MPOP (KOUNT)
NO 31 IRUN=2,MSUR
NSUB=2NEXEC (IRUN)
SUM=MPOP (NSUR )
TOTAL=TOTAL+SUM
31 CONTINUE
INUM=0
DEN=MPOP (KOUNT)
DO 35 ICHAN=1sNCHAN
X(TCHAN)=XBAR (KOUNT y TCHAN) *nEN/TOTAL
DO 40 JCHAN=TCHANsSNCHAN
INUM=INUM+1
BOTCHANS JCHAN ) =C (KOUNT s INUM)*DEN/TOTAL
40 CONTINUE
35 CONTINUE
DO 4% IRUN=?,MSUB
NSUB=NEXFC ( IRUN)
INUM=0
DEN=MPOP (NSUB )
DO 50 ICHAN=1sNCHAN
X{TCHAN) =X ( ICHAN) +XBAR(NSUR, ICHAN ) *DEN/TOTAL
DO 55 JCHAN=TICHANsSNCHAN
INUM= INUM+1
BOTCHANs JCHAN) =R ( TCHANSJCHAN) +C(NSUBs TNUM)*DEN/TOTAL
55 CONTINUE
50 CONTINUF
45 CONTINUE
DO 60 ICHAN=1sNCHAN
DO 65 JCHAN=ICHANNCHAN
ACTCHANS JCHAN) =B ( ICHANSJCHAN) =X ( TCHAN ) %X ( JCHAN )
ACJCHANS ICHAN) =A (TCHAN s JCHAN)
65 CONTINUF
60 CONTINUF
WRITF(6+1009)
WRITF(6+1005) (CAIMT MU sMU=14512)9sMI=1,12)
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75
70

85
80

91

92

93

100
95

CALL DJCOBI(AsIMsINsIOPTsRHOSERRSEIGEN)
WRITE(691004) RHOSERR

WR1TF(6+1005) ((A(MT oMJ) 9sMI=1912)9MI=1012)
WRITF(6+1008)

WRITF(6+1005) ((FIGEN(MToMIYsMI=1+12)sMT=1+12)
IF (FRR (Nf. 0,0) GO TO 10
WRITF(6+1007)

1FLAG=NEXEC(2)

MPOP (1FLAG)=TOTAL

INUM=0

DO 70 ICHAN=1sNCHAN

XRAR(IFLAGs ICHAN)=X(ICHAN)

DO 75 JCHAN=T1CHANsNCHAN

INUM= INUM+1

C(IFLAGs INUM)=B(ICHAN s JCHAN)

CONTINUE

CONTINUE

caLL ROTA (TFLAGsROTsFIGENINCHANS A2 SIGMA)
DO 80 JCLUST=1sNCLUST

nO 85 IRUN=?,MSUB

NSUR=NEXFC ( IRUN)

1f (MERGE(JCLUST) (NF, NSUR)y GO TO 85
MERGF (JCLUST1=IFLAG

CONTINUE

CONTINUE

MeRGEITICLUSTY=TFLAG
IFINFXEC(1).FQe11G0 TO 94

1SW=0

JCHECK =1

DO 90 JCLUST=1sNCLUST
IDUM=MERGE ( JCLUST)
IF(MERGE(JCLUST).LT.JCHECK)GO TO 90
}FiMFRGEfJCLUST).GT.JCHECK)GO T0 9?2
IF({1SWeFQ,11G0 TO 93

JCHECK=JCHECK+1

IF(JCHECK FQ,KOUNTyGO TO 94

GO TO 90

MERGF (JCLUST ) =MERGF (JCLUST) =1

ISW=1

GO TO 91

IF (JCHECK oGT. KOUNT)H GO TO 94

1SwW=0

{NUM=0

MPOP ( JCHECK ) =MPOP ( 1 DUM)

PO 95 ICHAN=1sNCHAN

XBAR ( JCHECK » ICHAN) =XBAR(IDUMs ICHAN)
SIGMA ( JCHECK » ICHAN)=SIGMA ( IDUMs ICHAN)

DO 100 JCHAN=ICHANNCHAN

INUM=INUM+1

C(JCHECK s INUM) =C ( IDUM INUM)

ROT ( JCHECK s ICHAN s JCHAN) =ROT ( IDUMs ICHAN s JCHAN)
ROT (JCHECK » JCHAN » ICHAN) =ROT ( 1DUMs JCHAN s 1 CHAN)
CONTINUF

CONTINUE

DO 96 LCLUST=1sNCLUST
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IF (MERGE (LCLUST) ,NF,IDUM)GO TO 96
MERGE(LCLUST )=JCHECK

96 CONTINUE
JCHECK=JCHECK+1
90 CONTINUE
94 KOUNT=KOUNT-~NEXFC(1)
10 CONTINUE
11 CONT INUE
WRITF(LTO) (COM(1)s1=1924)
WRITF(LTO9) {((XBAR(1sJ)s1=19sKOUNT)sJ=14512)
WRITFILTO) ((STGMA(T19J)s1=1sKOUNT)sJ=1,12)
WRITFILT9) (((ROT(T1sI1CHANSJCHAN) s1=143KOUNT)s ICHAN=1sNCHAN)»
1JCHAN=1 s NCHAN)
WRITF(691013)
DO 510 1=1sKOUNT
WRTITF(691000) 19 (XRAR(T9J)eJd=1912)
510 CONTINUE
WRITE(651014)
DO 511 I=1sKOUNT
WRITF(691000) To(STGMA(TsJ)sd=1912)
511 CONTINUF
WRITF(691015)
DO 512 1=1sKOUNT
WRITF(691016) T9((ROT(TIsICHANSJCHAN) s JCHAN=1,12),1CHAN=1,12)
512 CONTINUE
DO 513 I=1sNCLUST
IF(MFRGE (1) 4GT (KOUNTYIGO TO 514
WRITF(69515)1 sMERGF (1)
515 FORMAT(1X s THCLUSTER 141X sSHCLASSs14)
513 CONTINUF
514 CONTINUE
DO 660 1=1sKOUNT
DO 620 1CHAN=z=14NCHAN
DO 610 JCHAN=1,NCHAN
B(ICHANs JCHAN)=ROT (T s JCHANS ICHAN)/SIGMA (T ICHAN)
610 CONTINUF
620 CONTINUE
PO 650 TCHAN=1sNCHAN
DO 640 KCHAN=1sNCHAN
SUMS0.0
DO 630 JCHAN=1,NCHAN
SUM=SUM4+ROT( 1 s ICHAN » JCHAN) *B (JCHAN s KCHAN)
630 CONTINUE
A(TCHANSKCHAN) =SUM
640 CONTINUF
650 CONTINUE
WRITF(6+s600) 1
600 FORMAT(1X913HCLASS FLLIPSFs14)
WRITF(651005) ((A(TAsJA) sJA=1sNCHAN} s TA=1sNCHAN)
660 CONTINUE
REWIND LTOQ
RFTURN
END
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$IBFTF GFTCOR
SURROUTINE FETCOR(IFLAGsCsNPOPSNFLGN )
COMMON /LAB1/XRAR{42+12)sSIGMA(42912)sROT(42512,412)
COMMON /LAR2/X(12) s ALPHA(49) yNSPSsNSCANSsNCHANSLTOsLT10sLT114LT12,
JILT13sLT19sIXeIYs
INSTART oNSTOP,
INRTLGYMODE s ITYPESMSFCe I49NCRE S
INSKIPsINCX s INCYSNSTXsNSTY
DIMENSION NPOP(1)9C(42+78)sNDAT(255)
DATA NCNT/0/
INUM=0
NFLG1=0
NFLG3=0
DO 5 ICHAN=19sNCHAN
XBAR(IFLAGY ICHAN)=0,0
DO 10 JCHAN=ICHANsNCHAN
INUM=INUM+1
C{IFLAGsINUMY=0,0
10 CONTINUE
5 CONTINUE
KNT=0
40 CONTINUE
IF (NCNT ,GF. NSCANS) GO TO 70
NFLG?=0
READ(LT12)(NDAT(JJ) sJJI=1sNSPS)
NCNT=NCNT+1
NFLGY =1
NFLAG? =1
DO 20 JJ=1sNSPS
CALL GFT7 (X(1)sNSPSsOsNCHANSNSCANOSLT10s1FRRoNFLAG2
INSTARTsNBTLGIMODFEsNCRESITYPFEJMSFC )
IF (NDAT(JJ) .NE, N) GO TO 30
KNT=KNT+1
NFLG?=1
A1=FLOAT (KNT)
INUM=0
PO 25 ICHAN=1sNCHAN
XBAR(IFLAGs ICHAN)=(1e0-140/A1)#XBAR(IFLAGs ICHAN)+X(ICHAN) /AT
DO 26 JCHAN=ICHANsNCHAN
INUM=TNUM+1
COIFLAGY INUM)=(1,0=1,0/AT)*C(IFLAGs INUM)4+X(ICHAN)*X(JCHANY /AT
26 CONT INUE
25 CONTINUE
GO T0 »20
30 CONTINUF
IF (NFLG3 +FQ. 1) GO TO 20
1F (NDAT(JJ) o«NF. N+1) GOTO 20
NSAV=NCNT
NFLG3=]
20 CONTINUF
c WRITF(6+1000) NCNToKNT4NSAVNRCKUP 4NoNFLG2 4NFLG?
1000 FORMAT(1Xs718)
1F (NFLG? oNFe. 0) GO TO 40
IF (NFLG3 «.FQ. 0) GO TO 40
NRCKUP=NCNT-NSAV+1
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70

CALL BSRFCD(LT10sNRCKUP*144RF)
CALL BSRFCD(LT12sNBCKUP,4RF)
NCNT=NSAV-1

NPOP (N)=KNT

N=N+1

RFTURN

CONTINUF

REWIND LT10

REWIND LT1?

NFLG=1

RFTURN

END

SIRFTF TRXAM

—d

SURROUTINE AMTRX(IFLAGsXBARsCsAsNCHAN)
NIMENSION XBAR(42+12)sC(42+78)

NDOUBLF PRECISION A{12+12)

IN!IIM=D

PO 1 ICHAN=1sNCHAN

NO 2 JCHAN=TCHANsNCHAN

INUM=TNUM+

A(ICHANs JCHAN)=C (IFLAGs INUM)-XBAR(IFLAGs ICHAN) #XBAR(IFLAG s JCHAN'
A(JCHANS ICHAN)Y=A(ICHANsJCHAN)
CONTINUE

CONTINUE

RFTURN

FND

$IRFTCc ATOR

SURROUTINE ROTA{IFLAGIROTSFIGENSNCHAN,ASSTGMA)
NDIMENSION ROT(42+12+12)

NDTMENSION SIGMA(42,12)

NPOURLF PRFCISION A(12412)

NOURLF PRFCISION FIGEN(12+12)

NO 1 TCHAN=1s+NCHAN
SIGMA(IFLAGsICHAN)Y=A(TICHANSsICHAN)

NO 2 JCHAN=1sNCHAN

ROT(IFLAG s ICHAN» JCHAN)=EIGEN(JCHAN s ICHAN)
CONTINUFE

CONT INUFE

RFTURN

FND

$IRFTF KCEHCK

SURROUTINF KCHFCK (1FLAG» ROT+X»SIGMA s ASUMSNCHAN)
NIMENSTION ROT (42912912)9SIGMAL42512)9X( 1)

ASUM=0,0

NO 3 TCHAN=1sNCHAN

QUIMM=0,.0

NO 4 JCHAN=1sNCHAN
SUM=SUM+ROT(TFLAGs TCHAN s JCHAN) ®X ( JrHAN)
CONT INUF
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ASUM=ASUM+SUM¥SUM/SIGMA(IFLAGY ICHAN)
3 CONTINUE

RFTURN

END

SORIGIN BRAVOsSYSUT2 sREW
$IRFTC MOD7C
SUBROUTINE CLASS(NCLASSINTESTINPASS )
COMMON /LAR1/XBAR(42912)9STGMA(42912)9ROT(424512+12)
COMMON /LAR2/X(12)9ALPHA(49) sNSPSeNSCANS sNCHANGLTO9LT1INSLT11sLT12
1LT13sLT1s I1XsNDUMMY,
INSTARTSNSTOP,
INPTLGIMONE s ITYPF I MSFC 14+ NCRF
INSKIPsINCX s INCYSNSTXoNSTY
DIMENSICN W(12)sMTAR(3)
DIMFENSION NDAT(25543)3PRNT(255)
DIMENSION COM(%4)
FQUIVALFNCE(COM(1)4NSPS)
RFWIND LT9
RFWIND LT10
REWIND LT
RFWIND LT12
REWIND LT13
NFLAG1=0
LTi=1
IF (NPASS ,NfF, NTFST) LT1=LT13
CZFCH=NCHAN
IF (NSKIP ,FQ., 0) 60 TO 601
PO 602 1=1sNSKIP
CALL SKRRIN(LT10,1,NOP)
60> CONTINUF
601 CONTINUE
READ(LTY) (COM(T1)sT=1924)
REAND(LTO) ((XRAR(TsJ)sT1=1sNCLASS)sJ=1,12)
READ(LTOY ((STGMA(TsJ)sT=1sNCLASS)sJ=1912)
RFAD(LTY9) (((ROT(To1CHANSJCHANY 9T=1sNCLASS) s ICHAN=1sNCHANY
1JCHAN=1 s NCHAN)
PO 1 I=1,3
1 MTABRtI) =1
DO 10 IEND=1,NSCANS
RFAD(LT12) (NDAT(I41)s1=1sNSPS)
NFLAG2=1
NO 20 ISUBN=14NSPS
CALL GFTT7(X(1)sNSPSs0sNCHANSNSCANOSLT 109 1FRR4NFLAG?,
INSTARTsNBTLGsMODEsNCRESITYPF 4MSFC )
IF (NDAT(TSURN,1) .GT, O ) NPDAT(ISUBN,1)=0
SMALL=1,75%CZFCH
PO 25 ICLASS=1sNCLASS
NO 30 ICHAN=1sNCHAN
WITCHAN)Y=X(TCHAN)=XRAR(ICLASS s 1CHAN)
30 CONT INUF
ACyUM=0,0
DO 35 ICHAN=1sNCHAN
SUM=0,0
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PO 40 JCHAN=1sNCHAN
SUM=SUM+W { JCHAN)Y *ROT (1CLASS s ICHAN s JCHAN)
40 CONTINUE
41 ASUM=ASUM4SUM*SUM/STGMA( TCLASSs TCHANY
25 CONTINUF
1F (ASUM ,GT, SMALL)Y) GO TO 25
SMALL=ASUM
NNDAT(I1SURNs1)Y=1CLASS
25 CONTINUE
1016 FORMAT(1X93169F1042)
20 CONT INUF
WRITFILTI)Y(NDAT(Ts1)91=19NSPS)
10 CONTINUF
FNN FILF LT
RFWIND LT1
RFWIND LT12
REWIND LT10
1F (NPASS o NFe NTFST) GO TO 804
PO 610 1Z=1sNSCANS
1Y=MTAR(1)
READILT1I)Y (NDAT(TASTY)sTA=1sNSPS)
NTEMP=MTAB (1)
MTAR(1)=MTARI(2)
MTAR(2)=MTAR(3)
MTAB(3)=NTEMP
IF (1Z LT« 3) GO TO 610
NO £20 TA=NSTART,,NSTOP
IF (1A ,FQ. 1) GO TO 620
1F (TA+1 6T, NSTOP) GO TO 420
11Y=MTAR(?)
IM=MTAR(1)
IN=MTAR(?)
M=NDAT(TAsIM)
N=NDAT(T1A=1,IN)
IF (M (NF, N) GO TO 650
IL=MTAB(?)
L=NDAT(T1ASIL)
TF (M (NFe L)Y GO TO 680
NDAT(TASTIY)=M
GO TO 620
&50 IM=MTABR(1)
M=NDAT(TA—-1+1M)
IN=MTAR(3)
N=NDAT(TA=1s1IN)
IF (M ,NFe NY GO TN 620
L=NDAT(TA+1sTM)
IF (M NFe L) GO TO 620
NOAT(TA»TTY)=M
620 CONTINUF
L=MTAR(1)
WRITEI(LTYI3) (NPDAT(14L)s1=19NSPS)
610 CONTINUF
NO 611 1=2+3
L=MTARI(T1)
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6N
RO4

800

1007

8013

1008
80

RO>

WRTITFILT13) (NPDAT(TLsL)sIL=1sNSPS)
CONTINUE

CONTINUE

RFWIND LT

RFWIND LTO

REWIND LT13

RFWIND LT10

LOW=NSTART

LWFR=1

CONT INUF

NHTI=LOW+120-1

NUPPFR=LWER+120-1

IF (NUPPFR ,GT, NSPS ) NUPPFR=NSPS
INTF=NUPPER-LWFR+}

WRITF(6+1007)

FORMAT (1HY)

CALL LABFL7(LOWsNHT +1)

DO 801 I11=1,NSCANS

READ(LT12) (NDAT(JJs1)9JJ=1,NSPS)
NO 803 JJ=LWER,NUPPER

1R=NNAT (JJs1)
IRND=IB=(IR=~1)/45%464+>

PRNT (JJ)=ALPHA (IRND)

CONTINUE

CALL PLTBF7(PRNT«LWER).IDIF.NBLK,Ich.INCY.NSTx.NSTY.NcRE.

INFLAGX o NFLAGT )

WRITF(651008) 11, (PRNT(JJ) s JI=LWER,NUPPFR)

FORMAT(4Xs1691H¥,120A1)
CONTINUFE

RFWIND LT13

NFLAG1=0

NFLAGX=0

LWFRaNUPPER+1

LOW=NHI+

IF (NUPPFR LT, NSPS y GO TO 80O
CONTINUF
NSCANS=NSCANS=-7

RETURN

END
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